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Editorial 


The AGU Budget 

The process of developing a budget for AGU Is long and 
complicated. It begins fairly early In a calendar year, when 
msulls of the prior year's accounts are fairly well known, 
t^gihe 1982 budget process began early In 1981. Bud- 
gets are presented to the Council in preliminary form at the 
Spring Meeting and In final form, for approval, at the Fall 
Mss ling. 

His finances of the Union are generally In very good 
shape, but the total liquid assets are very small for a scien- 
tific society of our size. Therefore the Council decided 
some time ago that the assets should be built up In two 
ways. The first was a fund-raising campaign, about which 
all members have been contacted. The goal for this fund- 
raising campaign is $1 ,000,000 during the next 5 years. 

Hie second was to raise out of operations a similar amount 
during the next 5 years. This means that ths bottom lines 
lor the operating part of the budget should add up to $1 
million during the next 5 years (1981-1985). This will be 
unevenly distributed such that this year we hops to achieve 
a net surplus of $100K, rising evenly to a surplus of S300K 
In 1985. It Is the business of the Budget and Finance Com- 
mittee, with advice from other committees (such as the 
Pubfcstlons Committee) and with primary inputs from the 
AGU staff, to arrive at a budget that achieves these modest 
balances, which are about 4% of the total operating budget, 
during each of the next 5 years. 

The Budget and Finance Committee finds It useful to di- 
vide the activities of the Union Into those projects that gen- 
erate income and those that do not. Examples of the for- 
mer are things like meetings, books, and journals, whereas 
Ore latter Include the money spent in support of the Con- 
gressional Science Fellow program, scholarships, member- 
ship directories, and the public information program. 

Asa rational basis for development of the budget, the 
Budget and Finance Committee and the general secretary 
have suggested that each of the Income-generating pro- 
grams should aim for the contribution of an equal percent- 
age to the operating surplus of AGU. This statement needs 
some clarification, which we shall do by using an example. 
In the budget for 1981, which is shown In the accompany- 
ing Inset, the projected cost of producing the Journal of 
Geophysical Research Is $1379K. As shown In the detailed 
summary for JGR, this sum of money Includes all anticipat- 
ed charges that can be directly identified with JGR, such as 
editors, honoraria, office costs, copy editors' salaries, type- 
setting, printing, and mailing. In addition, the general and 
administrative costs at the AGU headquarters— which In- 

Amertcan Geophysical Union 1981 Budget for Operations Income 
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8on*J2! overhead Items as building occupancy, the per- 
oui JrfPoriment, and accounting— must be apportioned 
lumTc * ? f thB activities within. AGU If a true total cost pic- 
cogu *° be obtained. These general and administrative 
the up the administration and finance divisions and 
proS . ve director 's office. They are apportioned out In 
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Kimberlites: 

Strange Bodies? 

Jill Dill Pasteris 

Department of Earth and Planetary Sciences and 
McDonnell Center for Space Sciences 

Introduction 

Several years ago 1 asked a well-known mantle pelrolo- 
glst why kimberlites had been studied relatively little In 
comparison with kimberlite-transported xenoliths from the 
upper mantle and lower crust. He replied, 'When 1 see a 
bus full of people travel by, I'm more Interested In the pas- 
sengers than In the bus.' For many years kimberlites were 
relegated to the status of the vehicle for a petrologlcally In- 
triguing load of xenoliths. 

There are several reasons for the Initial lack ol attention 
to kimberlites. (1) They are highly brecclated and Inclusion- 
rich. Many petrologists viewed them as a confusing pot- 
pourri of exogenous and endogenous fragments. In lect, 
some were uncertain whether kimberlites had any primary 
magmatic/liquid component. (2) Kimberlites usually have 
undergone a high degree of alteration, principally serpentin- 
Izatlon and carbonatlon, but in some cases localized phlo- 
gopitization. Initially, most of the alteration was viewed as 
very late-stage, probably post-magmatic, and some of it 
perhaps due to weathering. (3) Because of their brecciated, 
altered condition, kimberlites often are porous, friable, and 
difficult to make Into thin sections. 

All of the above features and perceptions made kimber- 
lites seem unamenable to modern petrologic analysis and 
difficult to interpret. The former statement I hope to show is 
untrue; the latter is true, but should serve to encourage fur- 
ther petrologic Investigation. 

In addition to their association with mantle xenoliths, kim- 
berlites have another strong redeeming feature: They are 
the rocks in which diamonds are found. The question re- 
mains whether kimberlites are the source of the diamonds 
or again merely the vehicle of their transport [e.g., Boyd 
and Flnnerty. 1980]. Researchers at the De Beers Geology 
Department and at the Anglo American Laboratories in 
South Africa have spent years studying and classifying a 
large number of kimberlite types. On several occasions, 
kimberlite researchers and other mantle petrologists have 
come together at international conferences, some ol which 
have given rise to special volumes In the literature: First In- 
ternational Kimberlite Conference, 1973. in South Africa 
(see Phys. Chem. Earth, 9, 1975): Second International 
Kimberlite Conference, 1977, in Santa Fe. New Mexico 
[see Boyd and Meyer. 1970a, b]\ Cambridge Kimberlite 
Symposium 1 11975) and II (1979) in England. The Third in- 
ternational Kimberlite Conference Is scheduled tor Septem- 
ber, 1982, in France. In addition, there was an entire talk 
session at the May 1981 AGU Spring Meeting devoted to 
'Kimberlites and Other Strange Bodies.’ Several other re- 
view volumes and compendia on kimberlites and their xe- 
noliths are listed in the bibliography. 

What Are Kimberlites? 

It has been difficult over the years to get petrologists 
even to agree on a definition of kimberlites, let alone to 
agree on their origin [e.g., Dawson, 1967a]. Clement si al. 
[1977] have provided a very useful definition, avoiding both 
genetic connotations and excessive petrologic restrictions: 

Kimberlite Is a volatile-rich, polasslc, ultrabaslc, Igne- 
ous rock which has a distinctly inequlgranular texture 
resulting from the presence of macrocrysts set In en 
essentially mlcroporphyritic matrix. The matrix contains 
as prominent primary phenocrystal and/or groundmass 
constituents, olivine and several of the following miner- 
als: phlogoplte, calctte, serpentine, dlopslde, montlcel- 
llte apatite, spinels, perovsklte, and llmenile. Other pn- 
mary minerals may be present In accessory amounts. 

The macrocrysts belong almost exclusively to a suite 
of anhedral, cryptogenic ferromagneslan minerals 
which Include olivine, phlogoplte. plcrolfmenlle, magne- 
sian garnBt, chromlan dlopslde and enstall a. 0 Ivine is 
extremely abundant relative to the other minerals 
which need not ell be present. In addition to macro- 
crysts smaller grains belonging lo the same suit© also 

occur. 

Clement et al. [1977] have used tha nongenetlc term 'ma- 
S for grains visible to the naked eye. The term cryp- 
tooer^c Is used when the origin is uncertain, that is, the 
macrociyslB could be either phenociyste (preclpttaled Horn 
kimberlite melt) or xenocrysts (foreign grains). 

In summary, kimberlite Is characterized by its Inequlgran- 
ular texture (often porphyrlllc) and its mineral components, 
dominated by olivine (Figure 1). In ma^asesthere are 
hr>ih first Generation (large) and second generallon 
rl? mu nd mass? grain s of olivine and phlogoplte. The effects 
S cartonS and serpentlnlzatlon are characteristic. In 
one frequently observes tete-stage ‘pools of cal- 
m the groundmass. Macrocryslal pyrope- 
• c t ! * nirrollmenlle grains (most Irom mantle xe- 
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Fig. 1 . Photographs takan with plane-polarized, transmitted 
light: scalo bar - 5 mm; De Boors kimberlite, root zone, Kimber- 
ley, South Africa, (a) Typical, slightly sorpentlnized kimberlite; con- 
tact between coarse- and fine-grained material. Smaller, klmborliilc 
ofivlnos (colorless grains) are euhodral. Many xonocrysttc olivlnos 
(X). some ot which ere mosaic. Phlogoplte (Ph) also common. 

Very lino-grained, dense crystalline groundmass oppoars black, (b) 
Kimberlite dike: kimberlite groundmass with irregular pools or seg- 
regations (white to gray) ot catclio and what appears to have been 
a glass (now partly sorpentlnized). 


the origin of the Initial melts [e.g., Dawson, 1967b, 1980). 
Kimberlites are undersaturated rocks with a silica content 
usually near or below 33 wt %. Their alumina and iitania 
contents are high lor ultramalic rocks, whereas total iron is 
about average (- 9 wl % calculated as total FeO). Com- 
pared to other ultramalic suites, kimberlites have a high al- 
kali content (olten greater than 1 .5 wl % Na 2 Q + K z O). the 
other hallmark being a K-Na ratio exceeding 3. Kimberliles 
are also volatile-rich; H 2 0 olten exceeds 7.5 wt %, and COj 
is high {z 3 wt %) and variable. The large P z 0 5 content 
(0.5-1 .0 wt %) is similar to that of granites. 

Kimberlites occur in diatremes pipes, sills, and dikes (see 
cover, this issue), it appears that many diatremes narrow 
and become dikes at depth [Dawson, 1 967a]. The term 
'blow' refers to the sudden expansion of a portion of a kim- 
berlite dike into a pipe. Unlike diatremes. however, blows 
did not reach the surface during intrusion, but represent 
dead-end pipes [Dawson. 1980]. Most kimberlite diatremes 
record multiple Intrusive episodes: that Is, even on a mac- 
roscopic scale, one can Identify more than one kimberlite 
facies. The mutually intruding rock types are often distin- 
guished In hand specimen by color, friability, degree of al- 
teration. and abundance of crustal and mantle xenoliths. 

In general, it appears that kimberlites are primarily con- 
fined lo stable cratonlc regions (e.g.. southern and western 
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( Budget cont. Irom page 713 I 

sion. It has charged to it 38.8% of the loaded publications 
division overhead, or $224 K. Therefore, the total cost of 
publishing JGR is 31764K, which leaves an excess of in- 
come over expense of $337K or 20% ol total costs. 

In order to cover the costs of the Union's non -Income 
producing projects and to build the surplus at the proposed 
rate over the next 5 years, It Is necessary that the Income 
from the JGR and other Income -generating projects exceed 
the total direct and Indirect costs. The target is to have all 
income-producing projects generate a percentage of sur- 
plus In the 10-20% range, which Is what JGR and the an- 
nual meetings have been able to achieve historically. In 

Journal ol Geophysical Research 
Detail of 1981 Income and Expense Budget 
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some cases this cannol be achieved Immediately. For In- 
stance, the new Journal, Tectonics, wHI almoet certainly n° 
achieve this during Its first years of publication, as It will 
take some time for (he subscription level to build up. Other 
projects may never reach the target because of weaker 
markets and resulting highly elastic demand. Nevertheless, 
Ihe percentage surplus figure does give each project a tar- 
gel lo aim at, and it does give Ihe staff and Ihe various 
AGU committees a measure of how each project is doing. 

We now know what Ihe Income from any project should 
be. But In most cases there are different ways of achieving 
the same Income. For Instance, journals generate Income 
from page charges, member subscriptions, and library 
(nonmember) subscriptions. The relative mix of Income 
generaled from these three sources Is Ihe subject of con- 
tinuing debate. There Is some feeling that member sub- 
scriptions should be kept relatively low and that page 
charges should be Increased. This Is because there ap- 
pears lo be an ever-growing number of high-quality papers 
submitted lo our major journal (JGR), but at the same time 
the number of member subscriptions Is declining. (The ba- 
sic Idea is to place the charge where the demand Is high 
and least price-sensitive). Additional Ideas are also consid- 
ered In deciding how to generate the Income. For instance, 
subscriptions should be based, In part, oh the projected 
size of the Journal. This Idea Is used to determine the rela- 
tive member subscription rates to the different sections of 
JGR but has not been so widely used In determining the 
relative subscription rales between JGR end, for Instance, 
GRL. It Is also thought that the library subscription should 
be some fairly constant multiple of the member subscrip- 
tion. 

One |ournal which Is a consistent exception to these 
rules Is WRR. This Is because Ihe Hydrology Section de- 
cided some time ago to raise the subscription rate so that 
the page charge collection percentage could be decreased. 
Thus, although (he page charge for papers published In 
WRR is Ihe same as that for JGR, Ihe collection rate is 
only about 60% in the former, and well above 85% in the 
latter. 

In other cases there Is little problem about deciding 
where the money Is lo come from. For Instance, the books 
program rarely has page charge income. The primary vari- 
able is (he number lo be sold at each discount rate. Thus 
Ihe total expense of publishing (he book (Including the rele- 
vant overhead amounts and desired surplus) divided by Ihe 
expected number ol sales gives the average price ol the 
book. The meetings program Is also fairly simple in that the 
primary source of Income is registration fees, which must 
therefore be set lo cover direct and Indirect expenses plus 
the normal surplus. 

There are several things that can affect the ability ol 
AGU to achieve ils budget for any calendar year. For in- 
stance, the registration fee Is based on a projected number 
of reglslranls at each meeting, which Is done by the AGU 
staff on the basis of historical analyses of past meetings. 
Greater or smaller numbers ol registrants will produce a 
larger or smaller surplus for this activity and so have an ef- 
fect on the bottom line at the end of the calendar year. This 
effect is quite small, being only $5K for a deviation of 100 
registrants with a registration fee of $50. A somewhat larg- 
er effect can be produced by varying journal size. Since the 
subscription rates lor any journal are based on the project- 
ed size of Ihe Journal but the expenses are to some extent 
dependent on the actual size of the journal, any deviation 
between the projected and aclual size can have a positive 
or negative effect on the bottom line. As an example, we 
suppose that JGR publishes 1000 pages more than the 
budgeted size during a year. This will coat about $150K ex- 
tra to produce. This Is offset in part by an Increase in page 
charge collection that could amount to $90K, baaed on an 
85% collection rate and a page charge of $1 05/page. Rath- 
er than require editors to live within the page budgets It 
has been decided that subscriptions should be based partly 
on the projected size of the journal and partly on deviations 
between projected and actual sizes over the past year or 
so. Thus If a journal is greatly above or below Its projected 
size, this next years subscription will be (respectively) lam- 
er or smaller than normal. y y 

One of the major problems with journals Is that lor rea- 
sons ol publicity It Is necessary to fix the subscription rates 
o!£ U J?? ,n ,he m dd J 0 of the prior year, when only about 

hjinn °Ji | L [ S . IM _ J 9 Tl ° b , 8 PUbllBh6d dUrln 3 1110 V 00r Wl» ^0 

been submitted. Therefore, a very Important Job which has 
lo be dona by ihe AGU Publications Division, aided by In- 

5? v ? r,ou ? ed, ! ors ‘ 18 ,0 arflve at their best esti- 
mate for the size ol each journal. 

Finally, it should be noted that the general secretary has 
ihe responsibility for determining subscription rates and 

°' h8r 8u . ch as meetln 0 registrations. Advice is giv- 
en to Ihe general secretary by the Budget and Finance 
Committee, the Publications Committee, and the AGU 
Councti. In addition lo the recommendations Irom the AGU 

pj theTear' 
n order to determine if there are any 

^ established budget and to consult with lhe P Budget and 
Finance Committee about such departures 9 d 
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(Kimberlites cont. from page713 ) 

Africa, Canada, United States, Brazil, Siberia, India) 
haps a function of the relationship between the geoliwL 
gradient and the perldotlte melting curve. Excellent revlZ 
of the geographic and geologic settings of kimberlites Z 
found In Meyer [19761 (for the United States) and in Daw. 
son [1 980] (worldwide occurrences). 





Fig. 2. Photographs taken with plane-polarized, reflected lehr 
oil Immersion objectives, (a) Spinel grains showing compositional 
zones, more Cr*rich at core and more Fe-rich and Tl-rlch at edges 
Nqechane kimberlite, Lesotho. Scale bar = 20 nm, (b) Composi- 
tional zoning In spinel showing atoll texture: core spinel, 'gap; 
magnetite-rich rim. The gap here probably represents selective ro- 
sorptlon of an earlier spinal zone. De Beers kimberlite. Scale bar 
=• 20 pm. (o) Atoll spinels attached to perovsklte (large while 
grain; P). Large spinel on right le zoned: chromite core, partly en- 
closed by crescent of llmenlte (light gray; I), fully enclosed h titan- 
omagnetlte (darker gray, T). Typical association in De Beers kim- 
berlite. Scale bar * 10 pm. 

What are kimberlites not? For several years there has 
been a controversy over the possible relationship between 
kimberlites and carbonatltes [see Mitchell, 1979b]. The fol- 
lowing similarities between the two rock types had been ob- 
served or postulated: both are undersaturated rocks; both 
contain mineral assemblages characterized by their high 
content of rare earths and other trace elements; both occur 
with alkallc ultramafic central ring complexes (according to 
Mitchell [ 1079b] this la a misconception); kimberlites fre- 
quently contain magmatic carbonate-rich segregations. 
However, a closer look at the respective mineral composi- 
tions of the two rock types and their different tectonic set- 
tings— rift areas for carbonatltes and stable cratons (or kim- 
berlites— shows them lo be distinctive entitles. As dis- 
cussed In a later section, both ultimately may have been 
derived from the same mantle parent, but they are derived 
by different degrees of partial melting and at different 
depths. 
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What Is the Origin of Kimberlites? 


One of the most Important and still unanswered ques- 
ts concerns the mechanism of kimberlite melt genera- 
tion The major end-member hypotheses are (1) partial 
melting of mantle perldotlte [e.g., Dawson, 1971; Wyllie, 
1979a, b: Eggler and Wendlandt , 19791 and (2) fractional 
crystallization, or the ‘residual hypothesis' [e.g., O'Hara and 
Yoder, 1967J. 

The latter hypothesis calls for the melting of a garnet 
Ihsrzollls parent at about 80-100 km to produce a picrite 
liquid. High-pressure fractional crystallization of this melt in 
turn produces a variety of residual undersaturated, alkali- 
rich liquids, some of which are klmberlltlc. The major prob- 
lems ol the fractional crystallization hypothesis are that It 
nacessltales large volumes of melt and close association of 
kimberlite and basalt Igneous activity [Dawson, 1971]. 

In ths partial melt model, which Is favored by many re- 
searchers [see Dawson, I960], It Is assumed that vapor- 
absent partial melting of a perldotlte source rock occurs In 
the presence of high activities of H*0 and C0 2 . At great 
depths, below about 100 km, most of the volatiles are 
stored in carbonate and hydroxyl phases such as dolomite 
and phlogoplle. These phases buffer the composition of the 
melt through a series of devolatilization reactions. The C0 2 
and H 2 0 released during the breakdown reactions become 
dissolved In the melt (vapor-absent melting). Experimental 
data, thermodynamic considerations, and geobarometric 
calculations on mantle xenollths brought up by kimberlites 
suggest that kimberlite melts are generated by a small de- 
gree of partial melting of mantle perldotlte In the presence 
of high activities of C0 2 and H 2 0 at depths of about 120- 
Ifl0km[e.g., Eggler and Wendlandt, 1979; Wyllie, 1979a. 

4 Analyses of rare-earth and other trace and minor ele- 
ments In kimberlites are consistent with the above model of 
kimberlite generation [e.g., Wedepohl and Muramatsu, 

1979; Frey et a/., 1977], To account for the enrichment In 
such species as K, Ti, Fe. and H 2 0, Boettcher et al. [1979] 
suggested that the mantle Iherzollte source rock underwent 
metasomatism before melting to produce alkali basalts and 
kimberlites. 

Harris’ [1957] zone refining model Is another hypothesis 
that has been suggested to account for the generation of 
kimberlite melts, particularly for their enrichment In incom- 
patible elements. In this model, magma rises slowly from 
deep in the mantle, remaining more or less in equilibrium 
with the surrounding wallrock. By simultaneous solution 
and crystallization during the magma's ascent, the incom- 
patible elements are enriched In the liquid. It has been sug- 
gested that potas8lc basalts and kimberlites might arise this 
way. However, the partial melting hypothesis still seems 
the most reasonable with regard to the petrology ol mantle 
xenollths, to experimental data, and to known volatile equi- 
libria. 


A further important effect of volatiles in the mell is that 
changes in devolatilization reactions with pressure are re- 
torted In the compositions of the liquid and coexisting va- 
Por- As pressure decreases, the melt becomes more vola- 
tife-rich and more slllca-undersaturated (because of the po- 
lymerizing effect of C0 2 ). Therefore, it is possible to 
develop different compositions of melts from the same 
mantis perldotile source, at different pressures or depths. 
Phlogoplte and carbonate together can buffer near-solldus 
pertdoilte melts between about 80 and 230 km. At tower 
pressures the melts are carbonatitlc, and at higher pres- 
sure are klmberlltlc [Wyllie, 1979a], Wyllie [1979a] eccount- 
°d lor the localization and rarity ol kimberlites by suggest- 
ln fl that the necessary C0 2 -H 2 0 accumulations are rare In 
•he mantle. Eggler and Wendlandt [1979] advanced a tec- 
[° nTc explanation for the localization of and rarity of kimber- 
,lles - They suggested that although melta of appropriate 
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Fig. 3. Modal of klmberllle malt generation during diapir upwell- 
Ing; according to Green and Gueguen as amplified by Mercler 
(1979], if the diapir model Is correct, klmberllle mell is In equilibri- 
um with the Immediately surrounding perldotile. Thus, devolatiliza- 
tion reactions in the dlapiric perldotlte affect the kimberlite mell. 
Composition ol the latter Is buffered by the diapir system. 


compositions may be abundant at depth, the proper tecton- 
ics for Intrusion may be rare, because conditions are gener- 
ally unsuitable for the rise of a diapir of mantle perldotile 
(Figure 3). 

The abundance of and composition of the volatiles asso- 
ciated with kimberlite affect both its early magmatic evolu- 
tion and Its emplacement. There Is some question concern- 
ing at what depth a separate volatile phase forms in the 
klmberllle melt, Wyllie [19790] favoring the separation at 
great depth (80-100 km) and Eggler (In a talk at the Cam- 
bridge Kimberlite Symposium II, 1979) suggesting much 
shallower depths. It is possible that a volatile phase does 
not develop until the mell 19 within a lew kilomeiers of the 
surface, that is, not until explosive breaching occurs in Iho 
kimberlite pipe. We do have some constraints on Ihe rate 
of rise of kimberlites, because (heir included mantle xeno- 
liths appear relatively unaltered In many cases [e.g.. 
Boettcher et al., 1979; Mitchell et al., I960]. The degree ot 
fractionation shown by kimberlites, particularly In their 
opaque oxide phases, suggests that the melts did not rise 
explosively from depths of 80-100 km [Fastens. 1980a|. 

Near-surtace phenomena in intruding kimberlites also 
have been interpreted in more than one way. Part of the 
problem is that the various models may have been derived 
for different vertical levels within the diatreme, or explosive 
pipe. Clement [1979] recognized the following three depth 
zones in a kimberlite pipe (see cover, part A, this issue): 
crater (300-350 m depth, very brecclated, often with pyro- 
clastic and partly eroded kimberlite); diatreme (extending 
1-2 km beneath Ihe crater, with steep walls, containing 
kimberlite tuff breccias with abundant country-rock xeno- 
llths. showing little thermal metamorphism of the inclu- 
sions); and root zone (extending 0.5 km or more, enclosed 
by very irregular walls strongly influenced by existing frac- 
tures, containing abundant contact breccias of shattered 
wallrock and extensive alteration of inclusions). In mosl ar- 
eas, the crater zone has been removed by erosion, but the 
brecclated, Inclusion-rich diatreme zone may be exposed at 
the surface. However, It Is In the root zone that one best 
sees the Igneous nature of the kimberlite (e.g., definite phe- 
nocryst to matrix relationships, euhedral crystals, zoned 
crystals, thermal alteration of inclusions (Figure 1)). 

Thus, It Is dear that kimberlites hava a magmatic (for- 
mally liquid) component However, much solid fragmental 
material Is Involved, particularly al shallow deplhs In the 
pipe. 

Clement [1979] suggested that volatile release In the 
melt must occur before the kimberlite breaches the surface 
to explain the well-developed root zone. During breaching, 
fluidization (rapid devolatilization, entrainment o! solids and 
liquids) occurs near the surface and works its way back 
down the pipe, accounting lor the extensive breccfatlon and 
low degree of thermal metamorphism associated with the 
upper reaches of the diatreme. 

Ongoing Investigations Into Kimberlite 
Generation and Significance 


ost of questions concerning the details of klmberllle 
and Iho relationship between kimberlites and Iheir ul* 
fie xenollths follows the recognition that kimberlites 
antle-derived Igneous rocks and not Just mantle -de- 
breccias. Several Important points must be 
before attempting a petrologic interpretation ofakim- 
The silicate phases frequently have baen partially or 
srpentlnized, carbonated, or otherwise altered. The 
Iness of bulk-rock chemical analyses Is thus i limited, 
is number and variety of mantis- and crust-derived 
thlc Inclusions make analysis Interpolations even ■ 
Questionable. In addition. Individual mineral phases In 
mberlite represent xenocrysl. phenocrysl, and matrix 
^ stated previously, kimberlites have a sloryJo tell, 
stalled petrography, as well as chemical analysis, Is 
igary toinlerpret the rocks. 

raloglcal Studies . ; . , 

nneii/a literature has developed on opaque phases, 


teds. 1980a, b]. Opaque oxide phases are especially useful 
in kimberlite analysis because Ihey are relatively unaffected 
by late-stage alteration; they are almost ubiquitous; and 
their compositions are sensitive to changes In chemistry, 
temperature, and oxygen fugaclty In the magma. Zoning In 
and complex reaction rims around opaque oxide phases 
(Figure 2) have led petrologlsle to try to interpret kimberlite 
fractionation trends and the possible petrologic differences 
between kimberlite varieties. For instance, Pasterls [1980b] 
inferred from Ihe compositions of indigenous and xenocrys- 
tic llmenite grains in kimberlites that kimberlites are nol de- 
rived from the melts that produce abundant single-phase 
mantle xenolilhs called megacrysls. Haggerty [1975] and 
Mitchell [1979a] have used the compositions of spinels in 
the kimberlite groundmass and in reaction rims on llmenlte 
macrocrysts lo infer fractionation (rends (including changes 
in I0 2 ) in kimberlites. 

Another possible indicator mineral for changing melt 
composition and f0 2 (reflected in Fe 2 '-Fe 3 * ratios) is 
phlogoplte, which like olivine occurs as xenocryst, pheno- 
crysl, and groundmass grains. Complex optical and chemi- 
cal zoning patterns occur In kimberlitlc phlogopites [e.g., 
Soellcher et al., 1979] and may reflect mtneralogic changes 
no longer observable in the rock [e.g., Pasterls, 1980a] 

The presence of and composition of phlogopite in these 
rocks also Is of interest because ol the role phlogopite may 
play In the mefllng of the peridolile parent rock and be- 
cause of ils possible role in the Inferred process of mantle 
metasomatism [e.g., Boettcher el al.. 1979]. 

Totally fresh olivine grains are rare in kimberlites. How- 
ever, Boyd and Clement [19771 analyzed unsorpenlinizod 
olivines from pari of the De Beers Pipe in South Africa and 
observed the following: (1) Texturally different grains (xono- 
crysts and phenocrysts) havo distinctive but overlapping 
ranges in composition (Fo m < Jt ); and (2) tho grains usually 
have homogeneous cores, but Iheir rims (outer 1 50 |im) 
show Fe enrichment or Mg enrichment. Boyd and Clement 
[1977] interpreted tho Mg enrichment as duo to motosoma- 
tism rather than to growth zoning. 

There are several types of intriguing intergrowths among 
oxide phases and between oxido and silicate phases In 
kimberlites (Figure 4). Sonia of these may indicate reac- 
tions occurring in the kimberlite melt. Several such inter- 
growths were discussed in May 1961 at ihe AGU Spring 
meeting. (Abstracts of the AGU talks referred to appoar in 
Eos, 62 (17).) Kissling et al. examined possible reactions 
giving rise lo rims of titanomagnetilo and parovskiio on il- 
menlle. Toltoet al. did experimental studies on the miners- 
logically intriguing rutile-ilmemte intergrowths. which have 
defied explanation lor many years (Figure 4a). They be- 
lieve these samples may represent breakdown of a Ti J ’ -ar- 
malcolite phase, the presence ol which indicates lower (0 ; . 
values than previously poslulated for kimberlites. Hunter 
and Taylor documented what appear to be products of gar- 
net breakdown in Inclusions In a kimberlite from southwest- 
ern Pennsylvania The reaction products include a glass 
containing skeletal olivine and euhedral spinel grains as 
well as symplectlc intergrowths of clinopyroxene. orthopy- 
roxene, and spinel. Similar vermicular spinel-silicate mler- 
growths (Figure 4c) have been found in abundance in non- 
garnet-bearing mantle xenolilhs and kimberlites, but their 
origin remains controversial (e.g.. Dawson and Smith. 

1975]. Schulze examined small inclusions of calcite, ser- 
pentine. and phlogopite in diopside megacry sts, and in- 
ferred that they may represent crystallization from occluded 
kimberlite liquid. 

Indeed, assemblages from kimberlites and their included 
xenolilhs provide a wealth of small-scale mineralogical 
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Fig- 4. Figures 3s-3q taken In plane-polarized, reflected tight; .. 
De Beers kimberlite, (a) Rulile-Hmeplte Intergrowth. Major phase is 
tight gray rutile with darker gray lamellae of Urbanite, oriented In - 
four directions. Inlargrowlh rimmed by granular llmenite. In turn - 
mantled by granular tllanomagnetite (T) and perovskhe (P). Scale 
bar ■ 2q nm. (b) Large llmenlle (tight gray; J) Inclusion in phlogd- 
pHe (dark gray). Small phlogopite inclusions (each' with different 
optical orientation) vrithln llmenite. At least texturally suggestive of 
liquid hnmlsdblllty. Scale bar * 200 fun. (c) Spinel component of 
eHlcaie-spinel symplectlte. Spinel digits are zoned from' chromite- 1 
rich central phase (dark gray) to magnetite-rich outer spinet (Ugh! 
gray). Scale bar » 20 pm. <d) Transmitted light view of aympteqtHe ; 
of spinal (Mack) and altered silicate. Same Intprgrowth as in Figure 
3c. Scale bar * 50 pm. , '• 
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problems, many of which have much broader petrologic Im- 
plications. 

Volatiles in Kimberlites 

More recent approaches to kimberlite genesis recognize 
the need to model mantle control of Igneous procosses. For 
Instance, In mantle rocks oxygen fugacitles approximating 
Ihe quartz-fayallte-magnellle buffer are more reasonably 
assumed to be controlled by assemblages like enslatlte- 
magneslte -ollvl ne •graphfte'diamond (Ihe EMOG and EMOD 
buffers of [Eggler at si, 1980)). Furthermore, In addition (o 
CO a and H 2 0, CH« now Is being investigated for its effects 
on high-pressure mailing of peridotlte. Eggler and Baker 
found that methane not only depresses pertdolite liquidus 
temperatures greatly, but also depolymerizes the melt and 
thus expands the stability field of olivine (as does waler). 

The recognition of other species in the postulated C-Q-H- 
lluid In the mantle is Imporlanl with regard to oxygen fugac- 
ity. volatile solubility in the melt, depression of melting tem- 
peratures, melt structure, and phase relations. The pres- 
ence of methane in Ihe mantle Is supported by its inclusion 
in diamonds and (by inference) from Ihe formation of 
graphite during serpent! nizatlon of kimberlite [Pasteris, 
1981). Eggler and Baker do not suggest lhat large quanti- 
ties of methane exist throughout the mantle. However, they 
recognize for Instance lhat in ihe presence of methane, 
eclogltes could be produced at higher pressures than with 
only COa and HaO. They reason lhat this effect might ac- 
count both for why diamonds are found In ecloglles and 
why diamonds have methane Inclusions. Furthermore, the 
presence of methane at manlle pressures and lempera- 
turos requires oxygen fugacilias much bolow those of QFM 
(Eggler's estimate for most of the manlle), but it Is possible 
that tho manlle I0 2 Is now moro oxidizing than In ths pasl, 
according lo Eggler and Baker. 


Future Investigations of Kimberlite 

There Is still a need for field exploration of kimberlites 
throughout the world to characterize better (heir tectonic, 
petrologic, and age relationships. In addition, several re- 
search groups continue to do basic petrologic and minera- 
logfc characterization of kimberlites. Some of these groups 
and the geographic areas they have been invas ligating re- 
cently are as follows: Stephen Haggerty and coworkers 
(University of Massachusetts) in western Africa. Roger 
Mllchell (Lakehead University, Ontario) in northern Canada, 
Lawrence Taylor and coworkers (University of Tennessee) 
in Kentucky and Pennsylvania, Ihe De Beers Geology De- 
partment (Kimberley) In South Africa, Barry Dawson (Shef- 
field. England), Peter Nixon (Leeds, England), and Jill Pas- 
teris (Washington University, St. Louis) in South Africa and 
Missouri. 

There is a need tor more detailed geochemical analysis 
of kimberlites, but it must be in conjunction with careful pet- 
rologic Interpretation. Analysis of confirmed indigenous kim- 
berlite phases should put us well on (he way toward mak- 
ing 'petrologic sense' out of these rocks and perhaps to- 
ward characterizing which types are diamondlferous and 
which are barren. Isotopic analysis of individual phases like 
serpentine and phlogopite provide a means of determining 
the fluid sources for the minerals (e.g.. mantle- or ground- 
water-derived). Some analyses of the REE- rich phase per- 
ovsldte were presented by Boctor and Boyd [1979], who 
showed (hat REE abundances differ greally among the kim- 
berlites. Analysis of the abundant groundmass phase per- 
ovsklte may be another means of genetically classifying 
Idmberfite types and may shed light on the nature of the 
postulated metasomalizJng fluids that aid In kimberlite gen- 
esis. 

For lnslance. Basu and Talsumoto [1979J regarded kim- 
berlites as derivatives of relatively undifferentiated deep 
manlle, owing to their chondrltFc Sm-Nd relationships. They 
suggested that carbonates controlled the Sm-Nd and other 
REE patterns in kimberlites. However, ft seems likely that in 
many cases perovskite is a major REE carrier. One won- 
ders how the Sm-Nd systemalics of perovskite and appar- 
ently primary carbonates In kimberlite compare to those of 
the bulk rock. Hbvb we previously been measuring ihe sig- 
natures of mixed sources In kimberlites? 

What about the fluids associated with kimberlites, both 
those that predate ihe kimberlite melt (reacting with the ris- 
ing perkfotite diapir) and those lhat are evolved from the 
kimberlite as It rises and fractionates? As indicated above, 
some dale are forthcoming from isotopic anafysis and ther- 
modynamic modeling of C-O-H-flulds. However, there may 
be useful Information, at least on late-slage magmatic pro- 
cesses. locked in fluid inclusions in kimberlilrc phases (es- 
pecially in olivine), ftoecfcterf 1965) and Murck at at. (1978) 
reported abundant CO^-fillecI fluid Inclusions In olivine 
grains In manlle xenoliths. The latter authors inferred the 
presence of another gas, perhaps S0 2 or H a S, in ihe Inclu- 
sions. Kimberlite phenocrysts of olivine also contain fluid In- 
clusions. although most of Ihem appear secondary (J. D. 
Pasteris. unpublished data. 1981). Abundant evidence of 
lato-sfage serpenflnizallon wilh accompanying graphltlza- 
lion and sulfidation In kimberlites [Pasteris, 1981] suggesls 
thal we should search for ihe presence of fluid species like 
H a S and CH« in these secondary Inclusions. In addition, re- 
cent research has revealed the presence of N 2 gas In a 
wide variely of rock types, including deep-seated xenoliths 
(J. Tourel, personal communication. 1981). Especially be- 
cause N 2 Is an abundant contaminant In diamond, nitrogen 
should be considered a possible component in fluid Inclu- 
sions In kimberlite. 

What about the broader questions on the mechanism of 
kimberlite genesis? For Instance, does a protokimberfite 
mefl develop In the mantle and give rise to the single- 
phase xenoliths called megacrysts (phenocrysts). and does 
Ihfs melt evenfually fractionate fnto-a kimberlite liquid [see. 



e.g., Garrison and Taylor. 1980]? On the other hand. Is It 
possible thal the melt giving rise to the megacrys suite is 
petrologically distinct from that producing kimberlites [see, 
e.g., Pasteris, 1980b]? 

Where do kimberlites fit into the large-scale petrologic 
model of manlle dynamics? From where In the mantle does 
their high fluid content come? Anderson at the AGU Spring 
Meeting recently reviewed constraints on the early geo- 
chemical and geophysical evolution of ihe mantle. He not- 
ed that kimberlites are strongly enriched In the highly In- 
compatible elements compared to midocean ridge basalts, 
but not so enriched in the less Incompatible elements. An- 
derson questioned whether Ihe kimberlites themselves 
might nol be comprised of the fluids extracled Irom the 
mantle parent, leaving a depleted residue. 

Why Study Kimberlites? 

Kimberlites are an excellent source of mantle xenoliths 
end our least expensive deep-conllnental drilling program. 
Unfortunately, they do not keep the stratigraphy Intact; nor 
do we know the exact location of the drill hole at depth. 

Furthermore, kimberlites are themselves mantle-derived 
melts. Whereas manlle xenoliths provide Information on 
solid-phase equilibria at depth, kimberlites may represent 
our best clues to fluid evolution In the mantle. Somewhere 
(In time and space) there Is a petrologic-geochemical con- 
nection between kimberlites and their xenoliths (Including 
megacrysts). 

This review has emphasized mantle processes, but ac- 
tive research also proceeds on the deep cru9tai (e.g., gran- 
ulite) xenoliths entrained by kimberlites. Study of the solid- 
and fluid-phase equilibria of this material has brought forth 
interesting questions about the nature and timing of Ihe 
possible degassing of Ihe upper mantle and how this has 
affected the stabilization and growth of continental crust 
throughout time [Newton at at., 1980]. 

Detailed mlneralogic studies of kimberlite have made us 
more aware of the sensitivity oi Individual phases such as 
spinel to changes in magmatic conditions. We are con- 
stantly reminded of the small scale on which equilibrium is 
maintained. 

Even as theoretical geosclentlsts, we cannot Ignore the 
fact that it Is also from kimberlites that most diamonds are 
derived. After all, It was Ihe lure of finding another ‘Star of 
South Africa’ back In Ihe 1860's that led to Ihe Initial explo- 
ration (or South African kimberlites and the desire for an In- 
ternal source of diamonds that led to the discovery of the 
Siberian kimberlite fields by the Russians In the 1950's. It Is 
singularly fortunate for us that the term ‘barren* kimberlite 
means only lhat the rock has almost no diamonds, but not 
lhat It Is In any way barren of geologic Information. 
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News 


Qallleo Mission To Jupiter 

Jupiter has been visited four times: by Pioneers 10 and 
11 in 1973 and 1974 and Voyagers 1 and 2 In 1979. Data 
from those missions will be expanded by the Galileo mis- 
sion In 1985, which will be the first entry probe Into Jupi- 
ter's atmosphere. Galileo will also Include an orbiting ob- 
servatory that will provide long-term detailed studies of the 
entire Jupiter system. 

Components for the Galileo spacecraft, which consists of 
die orblter and the entry probe, are nearing completion. 

Die development model for the heat shield on the probe 
recently passed tests at the NASA Ames Research Center, 
Mountain View, Calif. NASA says that approximately 95% 
of Ihe flight parts have been delivered, and the design for 
the two parts of the spacecraft and the mission are nearing 
completion. 

The probe heat shield, which Is made up of two pieces, 
will encase the Jupiter probe Instruments. The front piece, 
a conical-shaped shield made from a carbon cloth treated 
(n plastic resin (carbon phenolic), will be 10 cm thick at the 
nose and up to 125 cm In diameter. The rear piece will be 
composed of a slightly different material, nylon phenolic, 
because this lower-density material will save weight while 
providing adequate protection for the less severe afterbody 
healing environment. 

When the probe plunges into Jupiter's atmosphere, It will 
be going 48.2 km a -1 , equivalent In speed to a trip from 
New York to Los Angeles In 1 Vz min. This entry speed will 
expose the probe to nearly 7 times as much radiation as 
the sun produces at its surface (42 kW/cm 2 ). Upon entry, 
aerodynamic braking by Jupiter's thick atmosphere will de- 
celerate the probe with a force equal to 300 times the grav- 
ity of the earth. 

During this extreme braking, the sacrificial front body 
shield will vaporize down to a centimeter. The vaporization 
ol the carbon phenolic material will provide a heat-absorb- 
ing blanket to protect the Instruments until, finally, a para- 
chute will open and yank the remaining shields away. The 
probe then will have about an hour to make measurements 
of Jupiter's atmosphere. 

Carbon phenolic was chosen for the outer layer because 
It absorbs large amounts of energy In the process ot vapor- 
izing. This material was used for heatehlelds on previous 
spaceflights, Including the Pioneer Venus probes. 

During the first 20 e of its entry, radiative and convective 
heating will bring the heat-absorbing gas layer around the 
probe to a searing 8,31 7°C. Radiative energy Is produced 
by the hydrogen molecules of Jupiter’s atmosphere break- 
ing apart and recombining. Convective heating Is caused 
by tha friction of gases heated and compressed by the 
probe's supersonic shock layer as it descends through Ju- 
piter's upper cloud layers. [Source: NASA]— PMB ffi 

Synfuels: Oil Shale Qets a Boost 

The Reagan Administration has approved federal loan 
guarantees and support prices tor two major oil shale proj- 
Gc *8 In Colorado. There are more than 30 companies In- 
volved In developing oil shale deposits In the Colorado-Wy- 
omlng area, most of which have applied for support from 
5® United States Synthetic Fuel Corporation (Synfuels 
Corp.). 

Under the Defense Production Act the Union Oil Shale 
Prefect of the Union Oil Company and the Colony Shale Oil 
project run Jointly by the Tosco and Exxon companies will 
receive federal loan guarantees and price supports. Both 
operations are located In the Peceance Creek Baaln In 
western Colorado. 

The Union Oil Company's plant will use a surface retort- 
“ 1 fl ®y®tem with an upflow kiln that uses a rock pump. The 
syeiem was demonstrated by Union years ago In pilot plant 
operation. Union’s contract Includes production of 10,000 
barrels (bbl) per day— 7000 bbl diesel and 3000 turbine— to 
®rne on line by late 1983. Within 5 years after production 
begins, Union plans to Increase production to 50,000 bbl 
Per day. The contract Is for 10 years. 

Colony Shale Oil will use a Tosco-deslgned surface re- 
rat with a rotary kiln that has also had pilot plant demon- 
fyailon. The Colony plant ie Intended to produce 47,000 
* per day by the late 1980's. Exxon will finance two thirds 
01 the $3 billion expected cost of construction. Federal loan 
grantees will be made for Tosco's portion. 

Extracting oil from oil shale Is not difficult, current wisdom 
By heating oil shale to approximately 600° C, oil has 
wen recovered for use from oil shale In France and Scot- 
jnd since the 1830'a. In the late 1850’e there were 56 oil 
0 P |a nt8 In the United States. The problem of large- 
“WiQ production Is cost from the processing of large vol- 
of shale, both In underground and surface retorting 
About 15% or so (up to 60%) of the volume Is us- 
J"® petroleum, but In the heating process the shale ex- 
Ef 8 * and Its volume Increases by 1 5-20%. The spent . 

Presents a disposal problem because of Its volume 
w because of Its possible contamination of ground water 
Ironing. Large amounts >of water are needed In oil 
Ilf; 9 Processing, but the supply of water has turned out 
. to be of serious concern, according to the Department 
^nergy. | n a recent lecture before the Potomac Geo- 
JfWcal Society (an affiliate, of AGU), Stephen Zukor, Jen 
‘ V DE 0 nd now with the U.S. Synthetic Fuels Corp., stat- 
iferiA' 'If a,Br aval| ab|llty has generally been cited as a bar*. 
X° oil abate development . . [but] . the water avall- 
Sjj as 8essment by the Colorado Department of Natural 
227* 8 and other studied show -that there :ls adequate^ 
WWer available. . . .» Zukor pointed out that \ ,V. water policy 


and management is the real issue.’ Al this point the policy 
and management Issues have nol been addressed, and the 
many government agencies that sre Involved In any deci- 
sion could produce enormous complexities. Until commer- 
cial plants are built, the policies and final standards remain 
uncertain. 

Zukor points out that Ihe largest barrier to starting a pro- 
ductive shale oil industry is the Initial cost of $2-3 billion for 
a commercial plant that the federal government has now 
supported. The economic effects to western Colorado will 
be Immense. He sees that the problems of the processing 
water requirements are difficult but solvable. ‘Water man- 
agement’ means obtaining seniority of water rights from 
various water projects Including some rights of the Bureau 
of Reclamation. The availability of water will be seasonal, 
dependent on runoff and flow of the Colorado River. Alter- 
native supplies have been Identified for dry months, but the 
system remains untested. Disposal of spent shale requires 
a technology of Its own. The surface retorting waste can be 
handled adequately by restoring mineral pits and by grad- 
ing excess Into abandoned areas. The environmental man- 
agement of In situ ‘burned out* underground retorts that 
could be filled with ground water may turn out to be more 
difficult. It Is hoped that a coordinated Federal policy involv- 
ing the departments of Energy and Interior and Ihe Environ- 
mental Protection Agency will evolve as oil from shale pro- 
duction begins during this decade.— PMB $ 

1981 Water Year: Dry Streams 

More than three fourths of the nation— stretching in a 
broad band from California east through the Great Plains 
and blanketing the southeast— experienced a dry 'water 
year,' according to the U.S. Geological Survey. Department 
of the Interior. 

USGS hydrologists said that over the pasl 12 months, 
streamflow averaged well below normal— within the lowest 
25% of record— In all or parts of 39 states. Over 60% ol the 
key USGS Index gaging stations across the country 
showed well below normal average streamflow tor the wa- 
ter year. 

The water year used by hydrologists runs from October 1 
to September 30 ot the following calendar year and is de- 
signed to follow roughly the growing season and to begin 
and end during a period of tow streamflow. 

The southeast was one ot the most severely affected ar- 
eas during the 1981 water year, where below normal 
streamflow persisted for many months over a broad area 
from Virginia south to Florida and west to Mississippi. 

USGS hydrologists said that 92% of Ihe key index stations 
In the southeast reported overall water year streamttow In 
the well below normal range, within the lowest 25% ol rec- 
ord. 

The waler year began with streamflow conditions nation- 
wide generally In the normal range. Low-flow conditions de- 
veloped last winter and began spreading to more and more 
sections of the country. By March 1981. midway through 
the water year, more than three fourths of the Index sta- 
tions averaged betow-normal flows. The nation's streams 
recovered somewhat during the last half of the water year, 
and by September, conditions were generally in the normal 
range again, except In the southeast and parts of the 
Rocky Mountain states where tow flows persist. 

Reflecting the low-flow conditions that persisted in large 
areas of the country during the 1981 water year, combined 
flow of the nation’s ‘Big Five' rivers— Mississippi, St. Law- 
rence, Ohio, Columbia and Missouri-averaged 682 billton 
gallons a day (bgd), 12% below normal and the lowest flow 
since the 1977 water year. The Big Five account for stream 
runoff In about half of the conterminous United States and 
provide hydrologists with a quick, useful check on the 
health of the nation's water resources. The following are 
Ihe 1981 water year flows of the Big Five: Mississippi River 
near Vicksburg, Miss., 282 bgd, 24% below normal; Colum- 
bia River at The Dalles, Ore., 119 bfld. 5% 'below iwmal; 
St. Lawrence River near Massena, N.Y., 170 bgd. 9% 
above normal; Missouri River at Hermann, Mo., 44 bgd, 
14% below normal; and the Ohio River at Louisville, Ky., 68 
ta* wtalTnomal. (Photo credit: U.S. Qeologloel Sur- 
vey, Department of the Interior.) 88 
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Hydrology Manpower 

The number of people qualified in groundwater studies 
'must more than double over Ihe next 10 years’ if the Unit- 
ed Slates is serious about dealing wilh groundwater con- 
tamination. according to David W. Miller, senior vice presi- 
dent at Geraghty & Miller, Inc., consulting groundwater ge- 
ologists and hydrologists based in Syossel, N.Y. 

Between 3500 and 5000 people are involved In develop- 
ing and protecting groundwater resources, he told a 
groundwater-protection seminar earlier this month. ‘Thai 
number must grow to between 10,000 and 15,000 people if 
federal, state and local governments, industry, end the pub- 
lic are serious about minimizing the types of activities that 
look place In the past and taking constructive steps toward 
protecting groundwater resources for the future,' Miller said. 

Soil scientists, geophysicists, geological engineers, geo- 
chemists, and scientists In other related fields of geology 
and engineering will be vital in protecting and developing 
groundwater resources, he added. & 

Minority Participation in Earth Sciences 

The U.S. Geological Survey recently appointed Ann 
Nefcy as coordinator of the Minority Participation In the 
Earth Sciences (MPES) Program for the Central Region, 
which encompasses Arkansas, Colorado, Iowa, Kansas, 
Louisiana, Missouri, Montana, Nebraska, New Mexico, the 
Dakotas, Oklahoma, Texas, Utah and Wyoming. In the 
past, the USGS has assisted In the establishment of earth 
science programs and the strengthening of existing pro- 
grams at colleges and universilios with substantial minority 
enrollments. In addition, MPES assists young students who 
aspire to camera In earth sciences. 

AGU members In the Central Region who are intoroslod 
in learning about MPES are urgod to contact Nefcy at the 
USGS. Box 25046, MS 101, Denver Federal Contor. Den- 
ver, CO 80225 (telephone: 303-234-4472). Oi 

Geophysical Events 

This is a summary ol SEAN Bulletin. 6(9), September 30. 1981. 
a publication of the Smithsonian Institution. The complete bullolm 
Is availablo in the microfiche odttion ol Eos. as a mlcroiicho sup- 
plement. or as a paper reprint. For tho mlcroiicho. order document 
numbor E81-009 at $1 00 Irom AGU. 2000 Florida Avenue. N.W . 
Washington. D C 20009 For roprlnts. order SEAN Bulletin (give 
dales and volume number) through AGU Separates: S3. 50 tor tho 
first copy for those who do nol have a deposit account: $2 for 
ihose who do: additional copies are $t 00. Order must be prepaid. 

Volcanic Events 

Ml. St. Helens (Washington): Minor ash emission; slow de- 
formation. 

Pavlof (Alaska): Ash clouds; lava flow: seismicity (entire re- 
port reproduced). 

Shishaldin (Aleutians): Plumes accompany eruption al 
nearby Pavlof (excerpt oi report reproduced). 

Kavachl (Solomon Islands): Bubbling and discolored water. 
Paluweh (Indonesia): Lava dome destroyed; pyroclastic 
Hows (special report in past issue of Eos). 

Colima (Mexico): New lava dome in summit crater; activity 
since 1976 summarized. 

Guague Pichincha (Ecuador): Small phreatic explosion; felt 
earthquakes (special report in pest issue of Eos). 

Pagan (Mariana Islands): New vent in the summit crater; 

other Marianas volcanos quiet. 

Langlla (New Britain): Ashlatls; Incandescent tephra; dis- 
continuous tremor. 

Manam (Bismarck Sea): Incandescent tephra ejected; ash 
emission and seismicity decline. 

White Island (New Zealand): Ultle eruptive activity for 6 
months; B-type events Increase. 

Sakurazlma (Japan): Frequent explosions, mudlike ejec- 
tion. 

Etna (Sicily): Collapse in the central crater; ash ejection 
(entire report reproduced). 

Pavlof Volcano, Alaska Peninsula, Alaska, USA 
(55.42° N, 161.90°W); Shishaldin Volcano, Unimak Island, 
Aleutian Islands , Alaska, USA (54.73° N, 1 63.97° W). All 
times are local (GMT - 9 h). NOAA weather satellite Im- 
ages revealed an eruption plume emerging from Pavlof at 
1030 on September 25. On the Image returned at 1415, 
when weather clouda next permitted a olear view of the 
area, both Pavlof and Shishaldin (about 150 km to the 
southwest) were emitting plumes. At 1545, data from infra- 
red imagery Indicated that the temperature at ihe top of 
Pavtot’8 oloud waa -55°C, corresponding to an altitude of 
about 9 km, and Shlshakjln's cloud had reached 6-7.5-km 
altitude. The clouds drifted nearly due east and were still 
visible at 1945 when Imagery showed a new plume origi- 
nating from Pavlof (bul not from Shishaldin). By 2215 the 
new ptume had reached 9 - 10 . 6 -km altitude and feeding 
from Pavlof appeared lo be continuing. By 0415 the next 
morning Ihe bulk of this plume had drifted to the southeast 
and appeared to be largely disconnected from Its source, 
although faint traces ot plume may have extended back to 
Pavlof. Fishermen In Pavfo! Bay reported that activity con- 
tinued through the nfghi, dropping nearly 4 cm of ash oh 
one boat. An ash sample from one of the boats was sent to 
the U.S. Geological Survey (USGS) In Anchorage. No cer- 
tain activity could be distinguished on Ihe satellite Irpage re- 
turned at 0615, but there Were Unconfirmed reports of a re- 
newed eruption at Pavlof by about 0700, and by 0930 the . 
imagery again showed plumes Irom both Pavtol and Shl- 
shaldln. From infrared Imagery, a temperature of ~2B*C . 
was determined for the top ol Pavlof’a plume, Indicating . 
(hat Its altitude waa approximately 7.5 km, A Reeve Aleu* , : 
tlan Airways pilot flying near Pavlof at 1000 observed a 
black eruption column and estimated the altitude of Its top 
at roughly 6-7 km. He also reported Incandescent material 
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on the west flank. On the next satellite Image with clear vis- 
ibility, returned at 1415, a faint plume that extended to the 
east southeast was still connected to Pavfol. bul no activity 
could be seen at Shishaldin. No eruption clouds have been 
observed on the Imagery since then, and there have been 
no reports from pilots of renewed activity. 

A visit lo Ihe Pavlof October 2-3 by Eglll Hauksson and 
Lazio Skinla revealed that lava had been extruded from a 
vent about 100 m below the summit (elevation 2518 m) and 
had (lowed down the norlh northwest Hank (o about tha 
600-m level. The lava covered an area cf roughly 3 km a 
and was 6-7 m thick at the thickest portion oi the flow 
front, which was not advancing. A sample of the lava was 
sent to the Lamont-Doherty Geological Observatory. No 
ashfall thicknesses could be determined because of redis- 
tribution by very strong winds. 

A Lamont-Doherty seismic monitoring station 7.5 km SE 
of Pavtofs summit recorded occasional periods of harmonic 
Iremor and an increase In the size of B-lype events begin- 
ning about 2 weeks before Ihe eruption. However, a few 
days before the eruption began, both the number and size 
of evenls decreased; only five discrete shocks were record- 
ed between 1500 on September 22 and 1500 on Ihe 23rd, 
and only two during the next 24 hours, as compared lo an 
average background level of 15-25 per day. On September 
25, tha day Pavlof s eruption was first observed on satellite 
imagery, the seismographs recorded a lew more discrete 
events and Intermittent, very low amplitude harmonic trem- 
or. Between 2000 on September 25 and 0300 on Septem- 
ber 26, tremor amplitude Increased gradually, and by about 
0330, Iremor was saturating the Instalments. The strongest 
tremor was recorded between 0500 end 0900, then ampli- 
tudes began lo decrease. However, Iremor remained 
strong and continuous until 1220 on September 27, when It 
declined to soveml-mlnute bursts, between which discrete 
events could be observed. About 100 discrete events and 
tower-amplitude bursts of tremor were recorded during the 
24-hour period ending at 1500 on September 28. As of Oc- 
tober 5. B-type events and bursts ol harmonic tremor were 
continuing. 

Pavlof Fast erupted in November 1960, ejecting ash 
clouds that reached 11-km altitude, large lava fountains, 
and a long narrow lava flow that moved down the north 
Hank (see SEAN Bulletin. 5. 1 1). Both Ihe 1980 end 1981 
eruptions occurred from vents high on Iho north flank, bul il 
was not coital n at press lime whether these were Ihe same 
vents. Shishaldin's last reported activity was in February 
1979, when pilots saw unusually strong ash emission on 
the 14lh, 15lh, and 17th. 

Information contacts: Thomas Miller and James Riehle, 
USGS, 1209 Orca SL. Anchorage, Alaska 99501; Stephen 
McNull and Eglll Hauksson. Department of Geological Sci- 
ences, Columbia University and Lamont-Doherty Geologi- 
cal Observatory. Palisades. New York, 10964; Waldo 
Younker, NOAA/NESS, SFSS, Box 45. Room 518-F, 701 
C SI.. Anchorage. Alaska 99513. 

Etna Volcano. Sicily. Italy (37.73* N. tS.OtPE). Collapse 
activity deep wilhin Bocca Nuova, one ol Etna's two central 
craters, has been frequent since the March 17-23 fissure 
eruption (see SEAN Bulletin. 6, 3). No (issurlng or other ev- 
idence of surlace collapse has been observed around 
Bocca Nuova. Explosions associated with the collapse ac- 
tivity ejected fine ash, caused strong ground vibrations 300 
m from the crater, and could be heard as much as 10 km 
away. Plumes produced by this activity could sometimes be 
seen on Ihe satellite images returned once daily by the 
NOAA 7 polar orbiter. Images relumed shortly after noon 
on October 3 and 4 showed narrow, well-delined plumes 
extending about 75 km downwind from Etna. A smaller, 
less dense plume, extending outward only about 20 km, 
was presenl on Ihe October 6 image. 

Information contads: John Guest, University of London 
Observatory, Mill Hill Park, London NW7 2QS England; Mi- 
chael Matson, NOAA* National Earth Satellite Service. Land 
Sciences Branch. Camp Springs, Maryland 20233 

Earthquakes 

_ Depth of 

Date GMT nilude Latitude Longitude Focua Region 

Sept 1 0930 7.7 M r 14.99 ; S 173.17*5^ siralkw' SamwT 

Sep 3 0536 6.6 M, 43.59 : N I47.QS : E 46 km Kurils ls- 

Sep t2 0716 6.1 m„ 35.67 'N 73.55‘E shallow NE Pakl- 

Sep 17 0823 6 6 M, 22.53 'S 17Q.GOE shallow SW Pa* 

___ ciflc 

A local tsunami that measured 24 cm peak to peak fol- 
lowed Ihe Samoan Islands earthquake by about an hour 
The shock was centered at the north end ol Ihe Tonga 
Trench, about 200 km west of Pago Pago. Felt across 
northern HokkaFdo. Japan, the September 3 event caused 
minor damage on Shikotan Island, about 26 km northwest 
ol the epicenter, at ihe southern end of Ihe Kurils Islands 
ThB September 12 earthquake killed 21 2 persons, injured' 
about 200. and left 1 7 missing. Several villages were do- 
st royod and Ihe city of Gllgit was extensively damaged. The 
September 1 7 event occurred In open ocean aboul BOO km 
southeast of Ihe Loyally Island region. 

Information conlacls; National Earthquake Information 
Sendee. U.S. Geological Survey. Stop 987, Denver Federal 
Center, Box 25048, Denver. Colorado 80225; Geological 
Survey of’PaklsIan, Quetla, Pakistan; Karachi Domestic 
Service broadcast, Karachi, Pakistan;. United Press Interna- 
tional; Moscow Domestic Sendee broadcast, Moscow 
USSR. 

Meleoritic Evenls 

Fireballs: Brazil, Czechoslovakia (2), British Isles (3) ' 

New Mexico, Pennsylvania . 



Space Science Comes of Age: 
Perspectives in the History of the 
Space Sciences 

Paul A. Hanle and Von Del Chamberlain (Eds.), Smithsoni- 
an Institution Press, Washington, D.C., xlll + 194 pp., 

19B1 , $12.50 (paper) $22.50 (cloth). 

Reviewed by David P. Stern 

On March 23-24, 1981, the National Air and Space Mu- 
seum of (he Smithsonian Institution In Washington hosted a 
symposium on the history of the space sciences, and this 
book Is one of the results. It contains nine articles covering 
various aspects of the main theme, prepared by the Invited 
speakers, plus two reprints of material, which has already 
appeared In similar form elsewhere. Illustrations abound, 
with some articles devoting about equal space to pictures 
and to the text, and the volume Is dedicated to the memory 
of Tim Mulch, NASA's Associate Administrator for Space 
Science, who died tragically the previous year on a moun- 
tain climb In the Himalayas. 

it is a rather nonuniform book, and for a good reason: 
There exists no consensus about what exactly constitutes 
history of space science, neither among the contributors to 
this volume nor in the community of scientists and histori- 
ans. Does a chronological review of missions, spacecraft, 
observations, and/or administrative decisions qualify? 

Some ol the articles here give just that, and while such 
chronologies certainly do contain some necessary Ingredi- 
ents of history, Ihe passive voice, so effective In dehuman- 
izing the professional scientific literature (‘It was found 
that . . .'), often takes over and makes the reader wonder 
what Ihe real story was like. 

At the other end of the spectrum, the collection contains 
personal accounts by Jaslrow and Shoemaker, written In 
first person and quite explicit. Perhaps they come a bit 
closer to the mark, and though Jastrow's account of meet- 
ing Harold Urey and helping launch Apollo may arouse 
controversy, perhaps now other participants of that drama 
will also tall their sides ol the story and leave It to the rest 
ol the community to match the various accounts. Shoemak- 
er's account is a brief one, and I for one hope that the au- 
thor will return to it one day and expand It. There must be 
much more lo the story ol the geologists who dreamed of 
walking on the moon-lhose who did not fulfill their dream, 
like Shoemaker hlmsell, and the one who did, Harrison 
Schmitt, who is now a U.S. senator. 

However, what may be the best part in this collection be- 
longs to neither of these classes, but Is a reprint of Van Al- 
len's first news conference of May 1, 1958, describing the 
d scoyery of the radiation belt. It Is not a personal story, the 
styte is scientific and detached, yet It manages to capture 
well the atmosphere of those early days, of the Initial grop- 
ing and puzzlement. The question-and-answer record 
makes it clear that the initial explanations were at best In- 
complete, that they were dominated by the analogy with the 
polar aurora, while no hint existed yet of albedo neutron 
decay or nng current protons or 0* Ions. Still, the deduc- 

l0 ?! c u a,: Thls P 0rha PS comes closest to 
the stuff of which real history consists 

m r6Vi c? Ware con,rlbu,ed b V Professional sci- 
ns '. S eV ?™ rLjah surve y s the °ri88 ol the origin 
of Ihe solar system, 1000-1960, a thorough exposition 9 

* el i' ,hou 9 h an afterword linking it 
to present-day views might have been appropriate. And 
Stewart Glllmor reviews the story of ionospheric layers ud 
to about 1950. when the study of the earthVlonSre 

flnhorfr 5,22HP h f Se wl,h diff0renl emphasis (a.g., thermo- 

chSrectere 8 ^ ^ and perhaps a ne * 0331 of 

Other articles are by Lyman Spllzer, Jr., on UV astrono- 

ffiir b0r9 ° n r 8o!ar obs0rvatlons from space; by 
Herbert Friedman on early rocket astronomy,’ In particular 

hS £ p n0 piC !r s!): by Rlchard Hellion on launch ve- 
hlcles; by Pamela Mack on the Landsat project- and a re 

ol by Homer Newel1 - adapted from part 
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Environmental Geology 

a R Coates, John Wiley, New |v + 


$21.85; ” ,,oy ' Yorl <' ' v + 701 pp„ 1B81i 

Reviewed by Robert H. Fakundlny 

a pnctodbMh? ^T(SurauK 9y ' haa ne «fed 

macy among the other S to ? lve ,e flHI- 

ald R Coates has aided t^ So S Kn. 
comprehensive and reasonahitM? ** provldT 


and history of environmental geology for the 
geologist and lay person that could also be uK^ 
dergraduate-level college text. Although It mav 
fully In either function, it does provide the rea^r^?®* 
overview of the Impact geology has upon our llveTp,!! 
lent philosophical statements and personal emphihEt 
presentation of arguments pertaining to current snub, ^ 
mental Issues will probably make It one of Ihe mora 'L 
atlve scientific books available. re Pf0V8c ‘ 

The book contains over 700 pages of discussions wilt, 
nearly 700 black and white Illustrations and tables ft T* 
vlded Into six parts: 'Fundamentals, 1 ‘Geologic Rest, Jt£ 
and Energy,’ 'Geologic Hazards,’ Ihe 'Human ModlS 
of Nature,' 'Environmental Management; and ‘SvntiSk 
and Epilogue. 1 accompanied by a glossary and six sdmU 
ces giving the classification of rocks, the origin of mEf 
deposits, and a list of recent hazards and disaster ml 
Each of the six parts has an introduction with readlnoa 1 
sented as several chapters, and each of the chapters Bit 
all) has an Individual Introduction and readings list as mu 
as a conclusion, called 'Perspectives. 1 Such a massive m. 
dertaklng would normally take years to write. The aiblad 
matter, however, requires timeliness, and a large mi 
of flaws suggest that this work was done quickly 

The long list of positive characteristics attests to Coales' 
talent for compilation, assimilation, and synthesis. The 
chapters on 'Historical Perspectives, 1 'Energy and Foss! 
Fuels,' 'Energy: Alternative Sources; ‘Volcanic Activity; 
'Landslides,' 'Floods,' ‘Engineering Impacts on Water Sup- 
ply,' 'Coastal Environments; 'Human Impacts on SoD.'and 
‘Weather, Climate, and Civilization' are comprehensive and 
enlightening. Technical quality la particularly high In soma 
of Coates' own fields of expertise: geomorphology, surfftal 
geology and soils, and case-history reviews. The numerous 
Interspersed tables are pertinent and effective as supple- 
mentary data for the case histories. The scope of the book 
is ambitious, yet Coates Is successful In mentioning almost 
every topic related to environmental geology. One way In 
which the usefulness of the text could be enhanced would 
be to add a comprehensive reference section that leads d» 
reader to a primary source for the myriad case histories 
and Interesting facts. 

This book would be a worthwhile addition to every geolo- 
gist's and environmentalist's library because It contains not 
only hundreds oi short discussions of appropriate case his- 
tories related to each of the main topics, but also graphs 
and tables of data that effectively Illustrate how geologic in- 
formation is needed for many of today's decisions. Excel- 
lent accounts of geology's role In human history Illustrale 
the delicate relationship between Impact of people upon 
their surroundings and the perils of nature. Nowhere else 
have I seen In one volume so many tables of data usefiri 
for developing perspectives on environmental questions. 

Several deficiencies are apparent In both the editing and 
printing and the text content. As examples, reproduction 
quality of photographs is poor, and type style and layout 
are Inconsistent In later chapters. Also, many figure cap- 
tions are Incomplete or not explanatory, numerous incon- 
sistencies exist between text tables and appendix tables, 
the table of contents Is too abbreviated, and the glossary 
and Index are Incomplete. Several topics could have been 
discussed more fully, Including governmental decision mak- 
ing, remote sensing of the environment, strategic minerals, 
geophysical techniques used for mineral-resource explora- 
tion and regional structural studies, state and Federal 
powerplant-sitlng laws, and the effects of trace element 
chemistry upon health. Some minor problems annoy more 
than offend; for example, several of the maps contain er- 
rors or fall to Illustrate the Intended Idea, the definition of 
‘geotechnology' Is Inappropriate, the discussion ol plate 
tectonics Is weak, some facts are in error (asbestos is not a 
trace element, granite Is not the most common Intrusive 
rock, several cities larger than Denver are not on a major 
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water body), and Inaccuracies exist in both the presentation 
of the history of geologic studies pertaining to the hearings 
on tha siting of Indian Point, New York, nuclear power- 
plants and the closing of the West Valley nuclear-fuels re- 
processing plant In western New York. 
p A significant problem with the text content Is the unbal- 
anced emphasis given to contrasting environmental philos- 
ophies. One example Is the discussion of mining Impact, 
where a reprinted advertisement, Including photographs; by 
a tractor corporation Informs.us early In the book, In the 
chapter on 'Mineral Resources,' that ‘mining makes a mess 
of the countryside. 1 This visual presentation, followed by a 
section that discusses environmental problems of mining 
and another on extraction processes, suggests that mining 
is horrendous. The impression Is not countered or contrast- 
ed until the end of the book, In a small subchapter on mine 
reclamation. Coates devises 10 basic concepts, some of 
which either seem unnecessary for discussion, such as 'en- 
vironmental problems are universal,' or are open to debate, 
auch as 'environmental decisions invariably Involve and 
produce Internal conflicts.’ Several other concepts are used 
In questionable fashion, Including Newton's second law of 
motion and the notion of feedback In systems. An Interest- 
ing, and perhaps the most controversial, aspect of the book 
is Coates' boldness In debating environmental issues and 
presenting his personal views on managing the environ- 
ment. 

Coates, however, Is convincing In this Immense composi- 
tion that environmental geology is a legitimate subject area 
of earth science. To provide the needed definition, perhaps 
we can draw from Coates' own words, in his tenth basic 
concept, where he Illustrates what environmental geologists 
should do: 'Environmental geologists . . . should . . . articu- 
late their findings and be willing to share their judgements 
In the public forum. 1 Coates has followed his own advice. 
Although the quality of the text Is uneven, the book's good 
points so greatly outweigh the deficiencies that It will be 
valuable to all readers concerned with the environment and 
to all geologists Interested In the influence their knowledge 
can have on the decisions made in both private and public 
sectors. 

Robert H. Fakundlny Is with the New York State Geologi- 
cal Survey, Albany. New York. 


Who Pays for Clean Water? The 
Distribution of Water Pollution ControJ 
Costs 

E. E. Lake, W. M. Hannemann, and S. M. Oster, Westview, 
Boulder, Colo., xxlll + 244 pp., 1979, $20.00 

Reviewed by John E. Schefter 

This is a report on a study of the costs of compliance 
with the 1972 amendments to the Water Pollution Control 
Act (P.L. 92-500) and of the distribution of these costs 
among different segments of society. Lake, Hanneman, and 
Oater set out to answer three questions (p. 1): ‘Who will 
pay for water pollution control? How great will be the bur- 
den for different socioeconomic groups? Will the distribution 
of costs be equitable?' 


The book Is organized Into five chapters. It begins with a 
review of the provisions of P.L. 02-500 and a brief history 
of water pollution control In the United States. 

A discussion of problems of defining and measuring the 
equity of the distribution of water pollution conlrol costs Is 
P[°” ded * n chapter 2, along with some Information on the 
distribution of Income in the United States. The authors 
propose to judge the equity ol the distribution of the costs 
m the Act by estimating ihe extent to which the Act 
changes the equality of the distribution of income and by 
comparing the distribution of the costs with the 'distribution 
of the personal income tax, the total (Federal, state, and lo- 
cal) tax burden, the property tax, and the user charge bur- 
den' (p. 16). However, the distribution of Ihe costs Is com- 
pared only with that of the Federal personal Income lax and 
the total Federal tax burden; the other comparisons are not 
presented. 

In the third chapter the authors provide estimates of Ihe 
municipal costs of complying with the Act and discuss bolh 
the methods that may be used to finance these costs and 
the resulting Incidence of the costs. The distribution oi Ihe 
municipal costs of the Act is estimated based on assump- 
tions as to methods of finance, which are, in part, based on 
survey results. 

In chapter 4 the costs of Industrial compliance with the 
Act are estimated under the assumption that the only pollu- 
tion control alternatives available to industries consist of 
self-treatment or treatment In publicly owned facilities; the 
possibility that some Industries might find changes in their 
production processes to be the most efficient means of 
compliance is not considered. The authors then provide es- 
timates of the price increases resulting from the estimated 
Industrial water pollution control expenditures. These price 
Increases result in real Income losses lo consumers In that 
they can purchase fewer goods and sen/ices, given a fixed 
Income. The magnitude oi these annual real income, or 
welfare, losses is estimated for families in each Income cat- 
egory on the basis of expenditure patterns within each cat- 
egory and price elasticities of demand. 

In chapter 5, the estimates of the distribution of the costs 
of municipal compliance are combined with the estimates 
of the distribution of the welfare losses attributable to indus- 
trial price Increases to obtain the estimated distribution of 
the total costs of compliance with P.L. 92-500. Estimates 
are provided by income, age, and racial groups (blacks ver- 
sus the U.S. population as a whole) for 1977, 1980, and 
1985. As it Is assumed that full compliance will not be 
achieved until 1983, the estimates ol the annual costs lor 
1985 are the only ones based on an assumption of full 
compliance. 

In estimating the costs of full compliance. It is assumed 
That the requirements of the Act will be satisfied through 
private sector Investments In both Best Practicable Tech- 
nology (BPT) and Best Available Technology (BAT) and 
public sector investments In the amounts described in the 
1974 Needs Survey Categories I, II, and IV-B' (p. 229). 
Needs Survey Categories I, II, and IV-B include traditional 
water-quality programs lor treatment plants and interceptor 
sewers. Also provided are estimates of the distribution of 
costs for a more comprehensive program encompassing 
categories l-V, of the Needs Survey, which would require 
further upgrading of existing sewers and construction ol 
new sewage and rainwater collection facilities. The authors 
do not consider the costs ot Needs Category VI, which Is 


concerned with expenditures lor the treatment and/or con- 
trol ol stormwater runoff. 

Two sals of estimates ol municipal expenditures are de- 
rived: one set under the assumption that there would have 
been some level of expenditure on water pollution control in 
the absence of the Act and another under the assumption 
there would have been no such expenditures In (he ab- 
sence of the Act (zero baseline scenario). Because the au- 
thors assumed zero baseline Industrial expenditures, the 
estimates of the total costs of the Act are based on the 
zero baseline scenario. 

The authors conclude that ‘the equity impacts of Ihe Act 
appear small, and it does not appear that the poor will pay 
a disproportionate share oi the costs’ (p. 244). For the av- 
erage family the estimated welfare tosses attributable to in- 
dustrial price Increases are estimated to be an order of 
magnitude greater than the annual costs of municipal com- 
pliance. The distribution of these welfare losses 'hits the 
middle income groups particularly hard' (p. 228), though 
the incidence of the total pollution control costs Is found to 
be 'roughly comparable to Ihe distribution of the Federal tax 
burden* (p. 229}. 

The estimates of the distributional consequences of Ihe 
Act must be viewed in light of the authors' simplifying as- 
sumptions. In particular, the authors ignored most of the 
macroeconomic consequences of the Act and chose to es- 
timate the distributional consequences of only the 'direct' 
cost9 of complying with the Act. ‘Other burdens, such as 
losses In GNP due to unemployment, reduced economic 
growth, loss oi corporate profit due to inability to pass costs 
on . . . are excluded from the analysis' (p. 2). Neither do* 
they consider any stimulative effect that the Act may hove 
on certain sectors of the economy (for example, the pro- 
ducers of water pollution control equipment). Though the 
authors cannot be criticized for explicitly limiting Ihe scopo 
of their work, one might ask why Ihoy chose to estimate 
consumer welfare (or consumers' surplus) losses resulting 
from Industrial price increases while ignoring profit (produc- 
ers’ surplus) losses due to Inability to fully pass on these 
price Increases. 

A congenital critic would find much lo quibble with, even 
legitimately question, in this book. But, given Iho authors' 
limiting assumptions and a degree of empathy with those 
faced with addressing such a complex problem, the re- 
search approach and results seem reasonable. 

My main criticism Is directed at the editorial quality of the 
report. The text is poorly written, redundant, and suffers 
from a lack of careful editing. Chapter 3. which occupies 
1 50 pages of Ihe 244 page text, Is poorly organized; I had 
to keep referring to ihe Table of Contents for guideposts 
because the relevance of some of the material in this chap- 
ter is not always immediately evident. Not all of the refer- 
ences are sufficiently documented, and no bibliography is 
provided. Lake, Hanneman, and Oster have an interesting 
story to tell; unfortunately, Jt is poorly told. 

Finally, II should be noted that Ihe equity (however mea- 
sured) of the Act will depend not only upon the distribution 
of its costs, but also upon the distribution of its benefits. 
Lake, Hanneman, and Oster provide a valuable look at who 
pays the 'direct' costs of obtaining clean water. The other 
hall of the story remains to be told. 

John E. Schefter is with the U.S. Geological Survey. 
Reston, Virginia. 
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graduate courses and to conduct research jn engi- 
ramrlna neology. A background In structural geolo- 
S mS bT»Bto!well-equlpped lacfiitles are 
available tof^essarch In 
through porous media, acousUo, 
nrnoertles ol rocto, and permafrost. Goodopportu 
idtesextat tor joint research with qualifications and 
raoertence Send applications, detailed personal 

oml and other supporting dBta to Dr. W.u-c. i/em- 
well Head, Department of Geotogl Ml Sconces. 
University ol Saskatchewan, Saskatoon, Saskalch- 

"S'aw ' S mMI N ovember 16. cxwelder- 

• cations wE be considered.^ 
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University ol Leeds/liotopo Geologist. 

Applications are Invited tor a post of Postdoctoral 
RESEARCH FELLOW In Ihe Department ol Earth 
Sciences lor a fixed term ol up to two years. The 
research programme of tee Isotope Geology Group 
In Ihe Department Includes geochronology oriented 
particularly towards evolution of metamorphic belts, 
and applications ol radiogenic isotope geochemistry 
to petrogenstk: problems and tee present state and 
past history ol tea earth's mantle. Equipment avail- 
able includes two solid-source mass spectrometers 
(MJcromaes 30 and laomasa 64) lor Sm-Nd, U-Pb, 
Rb-Sr and REE determinations and two MSlO'a for 
K-Ar and *Arri°Ar with supporting chemical fed li- 
lies which are dedicated to tease programs and to 
projects In oceanic Isotope geochemtelry. The suc- 
cessful applicant wUI be expected to Initiate work In 
one or more ol these fields and to collaborate to 
appropriate currant projects. Salary wtthfn tee 
range C8070-C10160 according to age, quakllcs- 
dona and experience. Informal enquiries may be 
made to Professor J. C. Briden. Further particulars 
and application forma (if desired) may be obtained 
from Ihe Registrar, The UnhmrsUy. Leeds LS2 9JT, 
UK, quoting reference number 49-OTHG. Closing 
date (or applications 30 November 1901. 

University of Hewalli FsouHy Positions. 

The Department of Geology end Geophysics and 
the Hawaii Institute ol Geophydfce ol tea University 
ol Hawaii are seeking applicant* tor two lamro 
track positions becoming avaHabto January 1 . 

1982- Applicants should have spedaUuUon in (1 ) 

mflr^goopftyalMvWianiphaatelnonoormaro af 

the fields: marine aetamdogy. magnetic* and gi«ri- 
. ly-.or (2) marine gootogy/aedbirentotogy- One 01 
these positions will be lilted at a rank of Ml profes- 
sor, tee other al assistant or associate level. 

Applicants should have demonstrated afaftty lo 
conduct and promote marine research commenau- 
: rate with lha level ol the application. Ability to leach 
al afi levels is expected. The positions wW be Joint 
ones on an ti-month basis with the Department 
and tee Institute and will Involve both leaching and 
research raspondbllitteB. Apply with resume, ex- 
ported level ol appointment and lha names of 3 
referees lo Chairman, Personnel Committee. De- 
partment of Geology and GBophyalce, Unhreraity ol 
. Hawaii, Honolulu. Hawaii 98822. 

' dosing data (or appBcallone (a January 1. 1902. 

■ The University ol Hawaii Is an afilrmailve-aclion/ 

equal opportunity employer. 


University ol CaUfemle f Davlsi Igneous 
Petrologlat. The Department of Geology invites 
applications lor a tenure-track position in tea field of 
Igneous petrology, at (he Assistant Professor level, 
effective (or Ihe academic year 1982-1983. Prefer- 
ence win be given lo candidates whose research 
demonstrates a thorough understanding of field, 
theoretical and experimental approaches lo the sci- 
ence and who show promise tor high caliber re- 
search on fundamental problems The suceesafid 
candidate wifi be expected to contribute effectively 
to tea existing leaching program In igneous petrolo- 
gy at both the undergraduate and graduate levels. 

Departmental facilities Include a thin- section lab- 
oratory and electron microprobe, bote ot which are 
supported by fuK-tima personnel, an experimental 
laboratory with high pressure piston cylinder and 
low pressure extornaHy heated equipment, a scan- 
ning electron microscope, stable isotope laboratory, 
as well as tea usual equipment (XRF, XRO. com- 
puters. etc ). The University ol California at Oavta la 
located convent* nify to areas containing aN types a I 
igneous rocks. 

The final data tor recetpi of applicationa is Febru- 
ary 1 . 1902. The University ol California is an equal 
opportunity 'atirma tfve action employer. - 

Interested Indryktoate should send ihelr resume 

Jere H. Uppa, Chair 
Department of Geology 
University ol Catfomfe 
Oavta, CaMomla 93616. 


•tall 0c Ian Uats/ 00 1 Sntlfto Programmer*. Re- 
search & Date System*, too. haa openings avert- 
able lor Start Scientist* and Scientific Programmer* 
to work to area* Involved in the processing and *p- 
ptkration ot date from utefeta baaod idmote sens- 
ing system*. Particular naeda involve the study ol' 
atmospheric dynamics specifically aa II relates to 
the etratosphere/troposphere interface, stratospher- 
ic composition and dynamics and dynarric lead- - 
back meohaniam*. Other needs exist The areas 
of orfatt/attttuda compulation, objective analysis and 
red! a five transfer. Successful candidates wffl have , • 
an advanced degree to meteorology, physics, as- ' 

- tronomy or mathematics with' a strong computer ‘ 
software background particularly on IBM equip- 
ment. Send resume to confidence to: Research & ; '. 
Data Systems, too., 9420 AnnapoH Road. Lav ; 
ham, Maiytand 20706, Telephone: (301) 4594)001 , 
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Unlvarslly of Ulehi Faculty Position*. Tho 

Department of Geology end Geophysics Invites ap- 
plications for four tenure track positions at iho as- 
sistant to associate professor (aval. 

f) Economic Geology: The Bpocific area of ex- 
pertise Is open, however, preference will he 
given to candidates whose research Inter- 
ests arc in geological, geochemical, or pet- 
rological characteristics ol metallic mineral 
deposits. 

2) Sedimentary gootogy: Applicant should 
havo research Interests In modarn or an- 
cient sedimentary b&slns 
3} Seismology: Applicants with backgrounds 
and specialties in seismic rofloctlon, seismic 
Imaging or theoretical seismology will be 
given preference. 

4} Potential fields: Geophysicist with specialty 
in potential theory including gravity and 
magnetics. (The dosing date tor this posi- 
tion is January 31. 1082). 

A Ph D. or equivalent Is required. The vacardos 
ere to be Mind by September 1932; the dosing 
dele lor applications for positions t-3 is December 
31, l OBI. Applicants should submit a vita, tran- 
scripts, a letter describing ms'Tier research toachlng 
goals, and nemos ol live parsons lor reference lo 
William P. Nash, Chairman. Department of Geology 
and Geophysics, University ol UlBh, Sail Cake City, 
Utah 04112. 

The University ol Utah is an equal opportunity' a l- 
llmnntivo action employer. 

Position In Reflection Selsmology/Rloe 
University, Houston, Texas. The Depart- 
ment of Geology plana lo oxpand its geophysical 
program Emphasis will bo on rettaclton Msiamota- 
gy At this time applications ora for the lirst ol two 
open faculty positions The successful applicant will 
help in Iho soared lor and selection ol tho second 
faculty member. 

Your main responsibility will be to load our de- 
partment Into iho oron of modorn reflection seis- 
mology. Your main teaching and research interests 
should bo in tho acquisition and processing ol re- 
flection aolsmlc data You should also hofp in do- 
vtfoplng rigorous undergraduate and graduate cur- 
ricula. which are supported by tho traditional 
strength ol the Math Sciences, Physics, and Electri- 
cal Engineering Dopanmonls at Rico Enthusiasm 
to work with and undertake some (olnt prelects with 
out geologists is essential 
Our plans are lo acquire a computer system con- 
figured for high quality data processing Substantial 
seed monoy for this facility Is already in hand Cia- 
Htrvo cooperation with Iho oil and geophysical in- 
dustry In Houston, including a roasonaWo amount 
o< consulting, is encourogod Salary will be com- 
mensurate with qualifications and oxperlanco 
Please send your curriculum vitae, a summary ol 
erpanonce In seismic processing, a statement ol 
research interests, and names ol three or more ref- 
erences to Dr. A W. Bally. Chairman. Deportment 
ol Geology. Rico University. P O Dos 1892. Hous- 
ton. Texas 77001. Application deadline— December 
1. 1981. 

Rice is an equal opportunity employer 

City University ol New York, (Brooklyn 
College)! Faculty Positions. The Depart- 
ment ol Geology snticlpatefl Mlmg several tenure 
track positions at Full Professor towel (Salary range 
up to $43,400). Highly qualified individuals will be 
considered for distinguished appointments at an 
additional S5.000. 

While candidates who have distinguished them- 
sehres in any field are welcome lo contact us. we 
are particularly interested In openings in: energy re- 
sources (coal petroleum), exploration geophysics, 
environmental geology or hydrogeology, coastal 
sedimentofogy. economic geology. 

Successful applicants will be required to institute 
an active research program, supervise Master a 
and Ph D theses. Nominations and applications 
with current vitae should be sent to: Or. S Btiatta- 
charli. Chairman. DepL of Geology, Brooklyn Col- 
lege ol City University of New York, Brooklyn, New 
York 1 1210. Positions open until filled. 

Brooklyn College, CUNY, is an affirmative action' 
equal opportunity employer. 

Postdoctoral Awards In Oooan Science 
and Engineering. Woods Hole Oceanographic 
Institution invites applications for 1-year postdoctor- 
al scholar awards from new and recent doctorates 
In fields ol biology. chemislry, engineering, geology, 
geophysics, mathematics, meteorology, and phys- 
ics, as wall as oceanography. Recipients of awards 
are selected on a competitive basis, with primary 
emphasis placed on research promise. 

Fellowship shpend Is $ 20,000 Appointees are el- 
igble for group health insurance and a modest re- 
search budgot Recipients are encouraged to pur- 
sue their own research interests independently or 
in association wuh resident siaff Completed appli- 
cations must be reco.vod by February l. 1982 for 
1982-83 awards. Awards will bo announced in 
March Write tor application forms to Dean ol 
Graduate Studios. P O. Box E. Woods Hoto Ocean- 
ographic Institution, Woods Hoto. Massachusetts 
02543 

Equal Opportunity Affirmative Aclren Institution 

Structural GeologlaL'Unlve rally of Wyo- 
ming. The University ol Wyoming. Department ol 
Geology and Geophysics soaks applicants for a 
tenure back appointment tn structural gootogy ex- 
pected to bo avnitob'o beginning fait semester 1982 
or (rattier. Dut-os will include teaching of undergrad- 
uate and graduate coureus m structure! gootogy. 
supervising MS and PhD inesos. and re soarch In 
structural gootogy. Appointment ol assistant profes- 
sor tavol is preferred, but applicants requesting ap- 
pontment at bettor rank will be considered Salary 
open. AppifCarlg must have PhD degree and be 
veised fn quarMaUve theory as wen as held appli- 
cations or modern structural geology and regional 
tectonics 

Applicants should provide, by January j, 1982, a 
resume, three (altars of reference, and a fetter of 
application including a statomeni of cunem la- 
search interests and courses which the applicant 
feats qualified lo leach Applications should be eont 
to: 

Dr. Robert S- HouslonHead 
Department ol Geology and Geophysics 
University ol Wyoming 
Laramie. Wyoming 6207 1 -3Q06. 

The University of Wyoming Is an equal opportune 
ty/aflirmaltve action employer: 


Supervisory Physical Scientist. The Re- 
search Facilities Center (RFC) of NOAA In Miami, 
Florida, Is seeking a senior leva! sclonlisl to man- 
ego ns Research Synloma Group. The RFC equipa. 
maintains, and operates aircraft, helicopters and 
ground based equipment specifically for atmospher- 
ic, ocoanagrophic and 'environmental research. The 
Incumbent wilt direct n group ol scientists, engi- 
neers and lochnfeians Involved with collection, cali- 
bration. quality control, Ion nailing, documenting 
and delivery of data to users of the RFC. This posi- 
tion is in the Competitive Service The grade and 
entrance love! salary ol tho position Is GS-14, 
$37,671 * per annum. Future salary adjustments are 
subject lo the Meril Pay syBtem. QUALIFICA- 
TIONS: BS or higher degree in meteorology, phys- 
ics. math, oceanography, or the physical sciences. 

In addition, 3 years of professional experience 
which has equipped (he candidate with the knowl- 
edges necessary to perform the above duliee. SE- 
LECTIVE FACTORS: Applicants must have experi- 
ence In a research and development environment 
and be capable ot directing research In instrumen- 
tation physics, calibration techniques, advanced 
computer techniques end spectral analysis. Addi- 
tional technical information may be obtained from 
Dr. C. B. Emmanuel (305)526-2936 or FTS 350- 
2936 TO APPLY: Current or former federal em- 
ployees should submit SF-I7I and CD-332 (Em- 
ployee Appraisal). Form CD-332 may be obtained 
by calling (305) 361-4454 or FTS 350-1464. Appli- 
cants not employed by the Federal Government 
should submit a complete application package (or 
-Physical Science Posilions-t300". Theso forme 
may be obtained (ram (ho nearest Office at Person- 
nel Mnnagomont (OPM) ALL APPLICANTS MUST 
SUBMIT THEIR PUBLICATIONS RECORD. AH ap- 
plications ahoufd bo submitted to NOAA/ERL Area 
Personnel Offlco. 4301 Rlckonbackor Causeway. 
Miami, Florida 33149 Hof. Vac. No. NOAA/ERL 
81-232. Applications must bo recotvod by Novem- 
ber 13, 1981. lo rocoivo consideration. AN EQUAL 
OPPORTUNITY EMPLOYER 'Salary subject to In- 
crease duo to Ocloboc coropoiebMly adjustment. 

Salsmologlst/Unlvsrslty of Utah. Search 
extended: the University ol Utah Is expanding its 
geophysics program In the Department ol Geology 
and Geophysics by adding a tenure track (acuity 
member in seismology at tho assistant to associate 
professor level. Applicants with backgrounds and 
swclallles in seismic reflection, seismic Imaging, 
end theoretical seismology will be given preference. 
The Individual will bo exported to leach undergrad- 
uate and graduate courses, and to pursuo an active 
research program with graduate studonts. The de- 
partment has modern teaching and research pro- 
grams In geology and geophysics, and has close 
associations with the numerical analysis and data 
processing gioups in computer science, electrical 
engineering and mathematics. The geophysics 
component at the department has strong research 
and teaching programs in seismology, electrical 
and electromagnetic methods, thermal properties ol 
mo earth, and potential fields Current research in. 
seismology mrtudes' selsmologrcal and earthquake 
research utilizing a now POP 1 1/70 computer with 
plotter and terminate; monitoring ol the Inter moun- 
lain seismic bell by a 55 station telemetered net- 
work utilizing a new on-line PDP 11/34 computer: 
major experiments in seismic refraction profiling, in- 
vestigations of seismic prcpogalion from synthetic 
seismograms, application of Inverse theory to seis- 
mology. seismic properties ol volcanic systems and 
allied research in teetonophyslca The closing date 
for applications is December 31 , 1981. A Ph.O. is 
required lor this position. Applicants should submit 
a vita, transcripts, a letter describing hteher re- 
search and teaching goals, and names cl live per- 
sons (or reference to William P Nash. Chairman, 
Department of Geology and Geophysics. University 
ol Utah. Salt Lake City. Utah 841 12. 

University ol Utah is an equal opporiunity'afflrma- 
tnre action employer. 


Petrologlsl-Eeonomlo Miners loglaVUnhrer* 
■Ity of Oklahoma- Applications are Invited lor 
a tenure-track position, effective September 1, 1962 
at the assistant professor level. In petrology end 
economic mineralogy. The successful applicant a 
expected to teach graduate courses In hlafter spe- 
cialty. to help leach undergraduate courses fn min- 
eratogy-optes-petrogrephy, and to pursue an active 
research program Consulting and Interacting with 
mining companies are encouraged. 

The University ol Oklahoma has made a major 
commitment lo diversify I he program in the School 
of Geology A Geophysics. As a result five tenure- 
track positions are open for (he fall of 1982. Six 
new faculty wore added to the School in the fall ol 
1981 (bringing the total full-time faculty to 15). and 
an additional six positions will be available during 
1983-1985. A new building that will house the 
School is in the design stage, and the successful 
applicant will participate in equipping it. 

Tho Ph D degree Is required lor this position. 
Preference wll be given to petrologisis with a 
strong chemislry background and wilh a demon- 
strated interest in ihe oconomic geology ol metallic 
and non-met&Hic mineral deposits. Qualified appli- 
cants should arrange to send transcripts ol all col- 
lege and university work, resume, statement ol re- 
search interests. and throo fetters of reference to: 
Dr. MatytMton Cameron. School ol Geology and 
OoophyslCB. University ot Oklahoma. Norman. 
Oklahoma. 73018 Deadline tor appricaliona Is De- 
cember 31. 1981 . Faculty members from the 
Sdiool will be Interviewing at tho November G.S.A. 
moatmg In Cincinnati. Ohio, and at the December 
A G U meeting In San Francisco. California. 

The University ol Oklahoma does not discrimi- 
nate on the baste of race, or sex. and Is an equal 
opportunity employer. 

Virginia Polytechnic Institute and Stela 
Unlvaraltyi Senior Has* arch Associate, in- 
teresting and abundant research and publishing op- 
portunities. Including new Unkrerslly-ownqd MDS- 
10 VI8R0SE1S system. VAX 1 1/700 computer. 
Must have experience In theory and appcaiton o! 
reflection seismology, and be interested Intheap- 
P< ■cation of reltedion setsmotogy to the solution ol 
geologic problems. 

. Send resumes to: Dr. O. R Wones, Department 

ol Geological Sciences, Virginia- Polytechnic inaQ- 
lute and Slate University. Blacks burg, VA 24061- 
0798. • ....... n 

The University ta on equal opportenrty^afflrmaliw 
action empJoper. 


The Caswell Silver 

Distinguished Professorship in Geology 

THE UNIVERSITY OF NEW MEXICO 

The Department of Geology of the Unlveraity of New Mexico la pleased 
to invite nominations or applications for the Caswell Silver Distin- 
guished Professorship In Geology. This endowed professorship shall be 
awarded for periods of up to two years to earth scientists of distin- 
guished accomplishment and international reputation. The professor- 
ship may be held by scientists of ail specialties of the earth sciences in 
the broadest sense, and the major criterion for selection Is that the In- 
dividual be an aotlve, productive leader In his or her field of research. 
The recipient must carry out a vigorous research program while in resi- 
dence at UNM. The recipient 19 expected to Interact with the faculty and 
students of the Department and to provide one or more seminars, In an 
advanced topic of his/her choice, during each academic year. The Foun- 
dation will provide unusually advantageous remuneration commen- 
surate with the distinguished nature of the appointment. In addition, a 
generous allocation for travel and operating expenses (to Include secre- 
tarial support, analytical services In department laboratories, use of field 
vehicles, and preparation of manuscripts) will be provided. 

Applications or nominations should Include a detailed resume and brief 
statement of major research accomplishments. Applications or nomina- 
tions should be forwarded to: 

Rodney C. Ewing, Chairman 
Department of Geology 
University of New Mexico 
Albuquerque, New Mexico 87 131 

The deadline lor applications le January 1, 1982. 

The Caswell Silver Foundation la an equal opportunity employer. 


Research Position In Chomieal Oeoanogra- 
phy. California Institute of Technology, Division of 
Geological and Planetary Sciences. The position of 
research fellow la being offered at Caltech lor re- 
search In oceanography. Investigation of the isotop- 
ic composition ol neodymium and rare earth abun- 
dances In iaa water and sediments Is now being 
carried forward. The mechanism of Injection of REE 
Into bob water will be studied. The differences fn 
,43 Nd/ ,44 Nd In various water masses [Pfepgras at 
el.. Earth and Planet 6d. Lett. 45. 223-238 and 
Pfepgras end Wasaerburg. Earth and Planet. Scl. 
Lett 50, 128-138 (1980)1 Is now being carried for- 
ward as an exploratory venture In order to deter- 
mine the origin and chemical behavior oi REE In 
the ocean end the potential use of ,43 Nd/ t44 Nd as 
a (racer. The laboratory facilities (or sample prepa- 
ration and analysis are telly functional and will be 
available. Applicants should have training In ocean- 
ography and a good perspective on general physi- 
cal oceanographic models. 

Send resume and references to Professor G. J. 
Wasaerburg. Lunatic Asylum, California Institute of 
Technology, Pasadena. CA 91 125. 

Caltech la an equal oppartunlty/afflnnallve action 
employer (M/F/H). 

Geophysical Soleneet, FWe faculty positions 
available In the next two to three years; two antici- 
pated lor fall 1982. Applications are Invited lor two 
tenure-track positions In geophysics, one In paly- 
notogy, one tn mlcropaleontotogy, and one In sedi- 
ment geochemistry. Ph.D. required by time of ap- 
pointment. Successful candidates will be expected 
to teach graduate and undergraduate courses In 
area ol expertise, develop a research program, and 
participate In teaching Introductory geology. 

At least one ol these positions may be filled at 
the Associate Profeasor rank or above. 8alary 
range Is SI9.000-S35.000 depending upon experi- 
ence and field of research. Applications are encour- 
aged from Individuals with InduaWal experience as 
well as recent graduates. Although all areas of geo- 
physka will be considered, preference will ba given 
to professionals with teaching and research inter- 
ests In seismic stratigraphy and petroleum explore- 

Candidates for Ihe palynotogy position should 
nave research Interest In Genozolc/Mesoajtc bio- 
stratigraphy with preference given to those special- 
izing in nannotosslte. Canrtdates lor the sediment 
geochemistry position should have interests In one 
or more ot the following areas: organic geochemte- 
try/geochemlcat petroleum expioSt^^SZ 
geochemistry. 

OOU la a 8 late-supported University ol 16,000 
rtudents situated In the metropolitan Hampton 
HMds area. Send vitae, e brief discussion ol re- 
S2S-* 80(1 jo have three letters 
Serf'S? “"IS February 15, 1982 to Dr. Ran- 
a?; C ^ rman ' °epertment of Gao- 

&j[® VA W5C8° S ‘ ° ,d DOralni0n Untver3,ty ’ Nof - 

An affirmative aclkm/equa) opportunity employer. 


Iowa Slate Unlveraity of Solenao and 
Tsohnology/Department of Earth Sol- 
aneaa. 

Applications are Invited for two tenure track facul- 
ty positions. The rank for each la at the assistant or 
associate professor level, dependent upon qualifi- 
cations. The successful applicants wtll be expected 
to develop strong research and graduate student 
programs. Teaching duties will indude undergradu- 
ate and graduate courses in the areas of expertise - 

Mineral ResouroearEconom/c Geology: One posi- 
tion Is In mineral reaources/economlc geology. An 
applied Held orientation is preferred. Iowa State has 
established a Mining and Mineral Resources Re- 
search Institute and an Interdepartmental minor In 
Mineral Resources In order to support and develop 
research and education In this area. In addition to 
the appointment In the Department of Earth Sci- 
ences there will be lull opportunities to Interact with 
these programs. 

Qeomarphotogy: The second position Is tn the 
general field of geomorphology. Additional exper- 
tise In an area related to geomorphology, such as 
groundwater, engineering geology or remote sens- 
ing Is also desired. A person with an applied (laid 
orientation Is being sought. 

Each appointment will be on an academic year 
basis. Opportunities are available tor summer 
teaching appointments. Salaries will be commensu- 
rate with qualifications. Application deadlines tor 
both positions are February 15. 1982; later applica- 
tions will be accepted If a position Is not filled. Posi- 
tions are both currently available and are expected 
to be lillad no later than (all, 1982. For application 
Information please write to: 

Bart E. Nordlle 

Department ol Earth Sciences 
253 Scienoe I 
Iowa State University 
Ames, Iowa 6001 1 

Iowa State University is an equal opportunliy/af- 
flrmattva aoUon employer. 

University ot WIsoonaln-RIver Folia: Struc- 
tural Geologlet/Qeophyelolat. Applications 
are Invited lor a tenure track position In Geology. 
Preference will be given lo those candidates with 
emphasis In structural geology or general geophys- 
ics. However, other emphases will el9o be consid- 
ered. The Ph.D. Is required, and a deafre to loach 
Is essential. Academic rank and salary are depen- 
dent upon experience of the Individual. Course re- 
sponsibilities will Include physical geology lecture 
and laboratory, structural geology, and other upper 
division courses commensurate with background 
and training, Candidates should send a letter of ap- 
plication, resume, and three letters ol recommenda- 
tion to: Professor 8amuel F. Huffman, Chairman, 
Department of Plant and Earth Science, University 
of Wlsoonsln-Rlver Falls, River Falls, Wisconsin 
54022. (716) 426-3345. The University of Wiscon- 
sin- River Falla la an affirmative action, equal oppor- 
tunity employer. Final date tor receipt ol appllcar 
(tons Is January 15, 1952. 


Scripps Institution of Oceanography 

nuclear geophysics 

ScHdds Tnsfihi? inV *n for an assistanl research physicist at the 
ralarv s(udiM «?" ? Oceanography, specializing in field and labo- • 
men s ££Z f D V k ° « «■» volatiles in Jocks. Require- 
eiry and extnuSi^'^ W,th ex P erience in rare gas mass spectrom- 
^ from rocks, plus field work in geo- ; 

experience nnri Jvn B [ eas ' Ap P Ucants with mountain climbing 
feeSfhP ol b,l,ty i° Work ^ High altitudes-up to 19,000 
surements k p ven Preference. Experience in helium isotope mea- . 

and names of three refer- ,;. . 

Institution Of rv 8, Geolo ? cal Research Division, A-020, Scripps 
jnsmution of Oceanography, U Jo.Ua, ^ 9iO?5 by November 30, = 

' Un equal oppotlunUjfctgfrwrtve action employer. ' . • 
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POSTDOCTORAL 

FELLOWSHIP 

The Naval 

Postgraduate School, 
Monterey, CA. 

We are seating a recent doctoral 
graduate with an Interest In geomag- 
nelic8 and some background In geo- 
physical instrumentation and comput- 
er data analysis. The candidate will be 
expected to participate In ongoing ex- 
perimental program of sea floor mag- 
netic measurements using the 
School's research vessel and remote 
land based station. Stipend competi- 
tive with current practice. For further 
Information, contact Prof. O. Heinz. 
Dept, ol Physics, Naval Postgraduate 
School, Monterey, CA, 93940, or call 
(408) 646-2116. 

NFS Is an equal opportunlty/afilrmatlve action 
employer. 


Purdue University. The Department of Geo- 
tetoncas invites applications for a faculty position, 
starting January or July 1982, In the broad field of 
rtiwatogy-pelretogy-goochemistry. A Ph.D. la re- 
qurtdand preference may be given to scientists 
rihan established record of research. The Depart- 
ment has an automated electron microprobe, mass 
prtometer and laboratory tor stable Isotope stud- 
«, full range of high temperature end high pres- 
iuis equipment, Including furnaces for controlled 
fOr experiments, as well as X-ray equipment. The 
wccwsful applicant will be expected to participate 
mtxUfi the undergraduate teaching and graduate 
Arties programs, as wall as actively engage In re- 
search Rank and salary are open but will be com- 
mensurate with qualifications. 

Purdue University Is a land grant, state support- 
ed Institution committed to academic excellence, 
end la an equal opportunity/equal access employer. 
Rx further Information please contact Dr. Homy 
O.A. Meyer, Dept, of Geosciences, Purdue Unlver- 
it), WOet Lafayette, IN 47907 (Tel. 317-494-3271). 
Dosing dale far applications Is November 10, 

1981. 

Mimologlat. Applications are Invited tor a 
postgraduate research position In seismology at the 
Scripps Institution of Oceanography. Applicants 
specializing In all areas of seismology will be con- 
ttieied, although preference will be given to recent 
graduates Interested in seismic wave propagation, 
particularly as applied lo the oceanic environment 
md digital signal processing. ThB position has a 
Arstion ol one year, with the possibility of exten- 
s on to two years, and an annual stipend of 
$18,980. Please send resume and three references 
to enter Dr. Thomas H. Jordan or Dr. John Orcutt, 
M)tS, Geological Research Division, Scripps Insti- 
tottoo of Oceanography, La Jolla, CA 92093. prior 
to I Oacember 1981. 

Scripps Institution of Oceanography, University of 
Ceitomla, 8an Diego Ib an affirmative action/equal 
opportunity employer. 

hitrumefital Analyst/Stall Reaearoh Aaao- 

HI* Job 4 81-08-23. Oversee compuler- 
Womated wave-length dispersive XRF apectrome- 
tof Mnlmum qualifications: two years analytical 
srfwtence or equivalent academic background. 
Wwably but not necessarily with XRFC or NOVA 
Wfl'puter. Duties include: maintenance and repair 
^equipment; software development In FORTRAN 
won-iine minicomputer; participation In design and 
®*®“tjon of strategies for analyzing Iraoe metels In 
SPPtoglcaJ materials; and Instruction of users. After 
"•t year, opportunity exists for personal research 
« me permits. Applicants should list equipment 
^applications with which they're experienced, 
aroreBponsIbllltlea therewith. Salary $1 756/month. 
.Wb Personnel Office, Unlveraity of California 
j^aCruz, 1156 High Street, Santa Cruz, Ca. 

no later lhan November 1 . 1981. 


(vjwu-u, reopened) me 

Geotogy Department Is seeking a structural geolo- 
2S» f £ r (araktant professor) faculty 

posttion. A Ph D. is required. Salary open. The sue- 
cessful candidate will be expected to leach ad- 
vanced undergraduate and graduate courses In 
Structural geology and establish a research pro- 
gram. For equal consideration, applications. Includ- 
ing the names of three refereeB, should be sent by 
February 1, 1982 to Dr. D. E. Anderson, Depart- 
ment ol Geology, University of Illinois, 246 Natural 
History Building, 1301 West Green Street. Urbana 
IL, 61801-2998, (217) 333-6713. 

Position to ba f Iliad by September 19, 1982. 

The University of IlIfnolB Is an affirmative acllonr 
equal opportunity employer. 

Dlrectori Geodetic Survey, NOAA. The Na- 
tional Oceanic and Atmospheric Administration 
(NOAA) announces a Senior Executive Service Va- 
cancy lor the position of Director, Geodetic Re- 
search and Development Laboratory (GRDL) In the 
National Geodetic Survey, a component ol the Na- 
tional Ocean Survey. The duty location Is Rockville, 
Maryland. The salary range is $47,889-$50, 112.50 
per annum. Duties Include providing technical and 
administrative supervision over employees and ac- 
tivities ol GRDL; advising officials on ihe slats ol 
scientific knowledge In geodesy and making racom- 
mandatlons lor research and development; exorcis- 
ing scientific and technical knowledge of contribut- 
ing publications to professional journals and making 
presentations at national and International meet- 
ings; and advising and consulting scientists and ex- 
ecutives In improvement ol geodesy and related 
fields. Experience In management of scientific pro- 
grams. geodesy, and solid eBrth sciences is re- 
quired. Apply to: NOAA/NOS-8001 Executive Bou- 
levard, Rockville, Maryland 20852. Attn: MB/ 

PERI 5:TR 

NOAA is on equal opportunity employer. 

Faculty Positional The Unlveraity ol Alaba- 
ma. Applications are Invited tor three tenure hack 
positions to be filled by Aug. 16. 1982. Two ol ihe 
positions are expansion to accommodate a devel- 
oping Ph.D. program. Applicants would ba expect- 
ed to teach undergraduate and graduate courses 
and actively pursue research. Ph D. is required lor 
retention ol position. Assistant Professors pre- 
ferred. 

Position 1— Structural Geologist. 

Positions 2 & 3— two Irom following Interests: 
Hydrogeology, applied geophysics, low temperature 
geochemlstiy, economic geoiogy/ore deposits, coal 
petrology, palynotogy. and physical sedimenloiogy. 

Closing date: Jan. 15. 1982. Send resume, tran- 
scripts. and three tellers ol reference to: Dr. W. 
Gary Hooks. Acting Chairman. Department ol Geol- 
ogy, The University ol Alabama. Box <945. Univer- 
sity, AL 35486. 

The University of Alabama Is an equal opportum- 
ty/affirmatlve action employer 

Phyeloal/CoBBtal Oceanographer. The 

Center tor Coastal Studies. Scripps Institution ol 
Oceanography, has an opening for a physical, 
coastal oceanographer to conduct research fn on 
ongoing program of Innovative sedimenl manage- 
ment technology with emphasis on sedimenl re- 
sponse to the forcing functions ol wavBs. winds and 
currents. The Incumbent will select and publish on 
research projects into fundamental physics of 
coastal and harbor sedimentation and advance al- 
ternatives to currant coastal engineering practices. 

Appointments are tor 1 or 2 years (renewable) at 
the postgraduate research or assistant research 
level. Qualifications for postgraduate research level 
are PhD or equivalent In physical oceanography' 
coastal processes and/or applied phystoa'mechan- 
toa with emphaste on granular/fluid mechanics. Ap- 
pointment at the assistant research level requires 
the above qualifications and a demonstrated publi- 
cation record. Salary from $16,138 lo $26,200 com- 
mensurate with qualifications. Submit tetter of Inlar- 
aet Including resume and at least three names ol 
references belore 1 December 1981 to: Dr. D. L. 
Inman, Director, Center for Coastal Studies. 
Soripps Institution of Oceanography, University of 
California at San Diego, La Jolla, California, 92093. 
Request position profiles at the same address. 

An equal opportunlty/afRimatlve action employer. 


National Science Foundation 

Director 

Division of Earth Sciences 

[to National Science Foundation is seeking qualified applicants for the position 
^rth Sciences. The parson setected receive either a pawl, career 
rotational appointment. Persons interested In a leave of absence fromUieir curat em^Qjmn 
wuraged to apply for the rotational appointment. This position is part of the So 
with a salary currently limited by law to $50,1 12 P» annum. 

Duties of ihe position Inwlve managing a division responsible for funding 

*n«s. Incumbent assesses research needs and trends, presen s plans tor 

Sj ,ufldlf| 8 requirements, prepares and justifies budget nUnaAMJba li c “ d 5inefons. 

wtes resources, oversees evaluation of proposals and recommendations lor |s ) ncllM j e 1) 

supervises staff, and represents NSF to relevant external groups. subot- 

22*1 WJ and managerial experience for the achievement of or6an ^ on f i catk)n an d equivalent 

2'nate* 21 a PHD. or equivalent professional experience or a strong 

22S?J n ,he 0arth sciences or closely related field; iff ,3ina Slished research re- 
sidence of scholarship in the earth sciences, or closely related field, Jnd 8 egf|h ^ 

4 > aNence in the planning of multidisciplinary research \ ' 

^nces; and 5) experience coordinating with representatives of sciantific and 

^Jjlcante should contact Margaret Cade'maitori « t'lo n at^D^n Un aflrAniwdrKe- 

l °[ 8 Peraianent appointment or aniwuncampnl^PB 82-11 for a nj«tw . P graffijn ihp 

2 s “2# qualiRca t |on requirements 'as weH aslnstroctions wncOT.gtfwP ^ 

supplemental narrative required, with the SF47i« imW " M 

Wjjce Foundation, Executive Personnel Branch, '• 

20&5 °. (ATTfj; EPB 82- L or EPB 8Z-il). Applications must be received by Janirtfl . 

/' EQUAL OPPDRTIIIIITY EMPLWDI ' i . 


Groundwater Hydrologist, The Minnesota 
Department ol Nslurel Resources, Division al Wa- 
ters has a vacancy al the Principal Hydrologist level 
for an experienced groundwater hydrologist lo pro- 
vide leadership for a program of ground water stud- 
ies and monitoring lo support Slate Water alloca- 
tion decisions and to provide quantitative assess- 
ments lor planning and managemont purposes 
Address Inquiries and requests tor application 
forma lo: Sarah P. Tufford, DNR-Divlslon ol Waters. 
Third Floor Space Center Building. 444 Laloyetto 
Road, Si. Paul, Minnosota, 55101. Prosont salary 
range: $23,323 lo $31,132 annually, subject to rev) 
slon In the near future. 

— EARTH SCIENCES — 

The Lamont-Doherly Geological Ob- 
servatory of Columbia University in- 
vites scientists interested in any field 
of the earth sciences to apply for ihe 
following fellowships: two postdoctor- 
al fellowships, each awarded for a 
period of one year (extendable to 
two years in special Instances) be- 
ginning In September 1982 with a sti- 
pend of $22,500 per annum. Com- 
pleted applications are to be re- 
turned by January IS, 1982. 

Application forms may be obtained 
by writing to the Director, Lamont- 
Doherty Geological Observatory, Pal- 
isades, New York 10964. Award an- 
nouncements will be made February 
28, 1982 or shortly thereafter. 

The Observatory also welcomes ap- 
plications from candidates for post- 
doctoral research associate positions 
In this discipline. 


Research Aasoelatei Unlveraity of Arlao- 

na. Applications are invited tor a posslblo appoint- 
ment as research associate in (hoorolical plasma 
astrophysics, space plasma physics trod 'or cosmic- 
ray physics The successful applicant will bo ex- 
pected lo spend a substantial pari of his or hor l>nm 
working on problems in sols; or intorpianalaiy 
physics. Appointments will begin in sunmioi 1982 
or later. Applicants should possess a rocenily Ac- 
quired Ph D In a relevant area of physics, astrono- 
my, or planetary aemnee. 

Inquiries should bo addressed lo Professor J R 
Joklpllor Professor E H. Levy. Depart mem of 
Planetary Sciences, Lunar and Planetary Labora- 
tory. University of Arizona. Tucson 8572 1 

Applications should be accompanied by a resu- 
me. complete bibliography, and at least two tailors 
ol recommendation (ram persons who are vsoM ac- 
quainted with the applicant s background wnd po- 
tential. All mstenal should be received by April i. 
1982 

•An equal opportunity aHum.iuve a. non. Title IX, 
Section 504 employer 


Faeully Positions. Arizona Slate University. 
Department ot Geology. Applications are invited for 
two tenure-track faculty positrons, one al the assist- 
ant professor level and one at the associate level, 
beginning In August of 1982. One ol these posi- 
tions requires a candidate with interests in applying 
modem solid state science to geological phenome- 
na. The selected candidate should develop an ac- 
tive research program and may use the extensive 
opportunities offered by the Facility lor High Reso- 
•km Electron Microscopy al ASU Teaching duties 
il Include undergraduate mineralogy. Candidates 
(or tho other position should complement and ox- 
tend existing strengths In the department. Possible 
areas Include low temperature geochemistry, heavy 
Isotope geochemistry, sofld earth geophysics, tac- 
tonophysfea, and related fields. The ability to use 
modem techniques in both Field and laboratory 
studies and to integrate diverse approaches Is 
highly desirable. Please sand a detailed statement 
of research and teaching interests and a resume 
with names ol lour references to David Krinsley. 
Department ol Geology, Arizona State Unlvarslly. 
Tempo, AZ 85287, by Janueiy 16. 1982 
Arizona State University Is on equal opportunity' 
affirmative action employer. 


Geophysical FluM Dynamlelal/Phytloa) 
Oceanographer. Applications are aoticlted for a 
junior faculty position In ocean physics or dynamics 
to begin In the academic year 1982-83. Areas ol 
Interest to the Department Include analytical, nu- 
merical and laboratory modeling of physical proc- 
esses and phenomena In the sea 
Yale University Is an equal opportontty'affirmatora 
action emptoyw and encourages woman and mem- 
bers of rriwity groups to compete to# this position. 

Curriculum vitae, publications, and the names of 
Uvee or mors referees should be sent by 31 De- 
cember 1981 to: Robert B. Gordon. Chairman. De- 
partment ol Gootogy and Geophysics. P.O. Box 
6866, New Haven. CT 0551 1. 

Unlveraity of Tenneeaeii Knoxvlllo/Fncul' 
ty Positions. The Department of Geological 
Sciences (Main Campus ol Iho UT System) Invttea 
suotications tor two or three tenure track teaching/ 
feaean* positions effective September !. 1982. 

The appointments wit be al tho Mefeteni or as- 
sociate professor tevelin: 

‘Il 8edUnentotogy or Low-Temperature Geo- 
chemistry ■ 

2. Metamorphlc Petrotogy or Mmeratogy. 

The Ph.D. to required. Dutlea Wfl teekida pursuit 
of an active research program as well es teaching 
and advising al graduate and undergraduate tews, 

Praterence will be given those with doewnented re- 
search capabilities, AppUcanls Wlff bojrrisrvfewed at 
the GtodnitaU G.S.A. meeting. Send resume (in- - 
(Axing transcripts) and names of 3 referees to: 
Thomas W. Broadhead, Search Committee. De- 
partment of Geological Sciences, University ot Ten- 
Hbsbm. Knoxville, TN 37818. Application deadline, 
January 16. 1882. , 

. utk k an EEO/ntte l»8ectton 504 employer. 


Field Reaearoh Posit lone. The Exploration 
Research Laboratory of tho Colorado School of 
Minos may have openings for a held party manager 
andor an assistant hold party manager on or about 
January 1, 1982. Position level will be negotiated 
based on qualification This position involves, prin- 
cipally, seismic data acquisition but the parson may 
parirn,pnlo in a wido range ol fiold activities Includ- 
ing resistivity, gravity and may notice, etc. This Is nn 
opportunity lo participate with a large geophysics 
rosomch and development group. Spocilie respon- 
sibilities Include planning and coordination of held 
work, training of crew members, and supervision ol 
pre-processing. The position is most challenging 
and offers wide scope lor Initiation end acceptance 
ol responsibility. Interaction with Industry profes- 
sionals, ERL stall, and (acuity members ot the De- 
partment ol Geophysics 19 required. It is a position 
for growth, and challenge A bachelors or masters 
degree to required lor each of the positions. Reid 
crew experience would be helpful. Ability Id direct 
subordinates, Interlace with dlverso groups, and 
communicate results Is essential Extensive hold 
time <3 required for the Assistant Field Manager 
Significant tiold Uma is required for thg Managor. 
Schedules are noi firm and are subject to rosoarch 
commitments and research tlmo homos. Typical 
academic environment fringe boneRis are avoileblo 
If interested In further details or in submitting an ap- 
plication, contact Dr. James K. Applegate. Director. 
Exploration Research Laboratory. Colorado School 
ol Minos, Golden, Colorado 8040 1 . 

Tho Colorado School of Mines is on affirmative 
action equal opportunity employer. 

STUDENT OPPORTUNITIES 

Oisduele Rmeroh Aiilitsntihlps In 
Physlaal Oceanography. Opportunities tor 
graduate study with Rason'ch nsaisianlship avall- 
nbio for studonts interested in M S nr Ph D pro- 
grams A summer program with sllpnivP to opori lo 
collage iuntors Write Douglas Caldwell. School of 
Oceanography. Oregon State University. Corvallis. 
OR 9733 1 

Graduate Teaching & Rasaarch Assist- 
antships'Unlveralty of Houston. Graduate 
toachlng & rosoarch assfetanlships nvail.'ibfo lo 
qualified persons In tores led in Spaco Physics nt 
Ihe University o> Houston Our experimental pro- 
gram features rocket ft balloon-borne studios ol tho 
loncsphore ft mngnolosphor a- ionosphere coupling 
Emphasis has boon on nctivo oaponmonts. mosl 
recant bomg a rocket-balloon campaign ut Siplo 
Stilton. Antarctic* m December 19B0 Future work 
includes n study of pulsating aurora ft pinicip.it -on 
In Wnterhote II. nn auroral quenching experiment 
Tho IhQoretical program is on plasma waves in the 
safer wind ft inodoirog ol phenomena related to 
current o>porimont3 Ass'Stantships tor lust year 
atudoms begin at S600 mo along with out ol state 
tuition waivers Graduate Chairman. Physics Dept , 
University ot Houston Central Campus, Houston. 
TX 77004 EOE 

SEF1VICES. SUPPLIES. COURSES. 

AND ANNOUNCEMENTS 

COAL DEPOSITS. II you are financing plan 
mng. designing, exploring, drilling, or d;gg>ng in 
connection with any form Of energy, you need this 
complete, up-to-date boon about the world s coal 
deposits includes production and reserves tor 
mines. Hardcover, 6 <■ 9 inches. 590 pages. Table 
ol contents, drawings, index, references, i960 
$156. Tatsch Associates. 120 Thunder Road, Sud- 
bury. MA 01776 


Moving t 

... don’t forget to 
send AGUyour 
new address! 
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New phone number* (Witt be published 
in Directory) 
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Only one change « neceeufy tor AGU 
membership and all journals. 
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American Geophysical Union 
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Meetings 


Chapman Conferencee Rock Discontinuities 

'Discontinuities In Rock, Their Role and Significance In 
Geologic Processes,’ an AGU Chapman Conference, will 
be convened by Lawrence Teufel and Robert Riecker at 
Bishop's Lodge near Sanla Fe, New Mexico, on May 3-6, 
1982. Sessions will cover mechanics of formation and char- 
acteristics, constitutive laws and deformalional processes, 
geophysical phenomena, hydraulic properties, and me- 
chanical and hydraulic modeling. 

Those interested In attending should contact Teufel, 
Geomechanfcs Division 5532. Ssndla Nallonal Labora- 
tories, Albuquerque, NM 87185, or Riecker, Los Alamos 
National Laboratory, Geosciences Division Office MS 570, 
Box 1663, Los Alamos, NM 87545. To ensure the maxi- 
mum Interchange of Ideas, attendance will be limited; par- 
ticipants will be selected from those applying. Deadline for 
application is December 1 5.$ 


Fall Meeting 


AGU FMJL MUETING 

‘fa the City" , 

the Bay” 


r f - 


Session Highlights Dcc.rn.m 


Geomagnetism and Paieomagnetism 

Magnetite Blomlnerallzatlon by Living Organisms 
( Th , PM) 

Join this special session an frontier research In bionicigne- 
tism, and explore the Interaction of living organisms with the 
geomagnetic Hold. Topics include the search fur ferromagnetic 
minerals in bacteria, butterflies, green sea turtles, and dol- 
phins The session will focus on how organisms synthesize 
magnetite and the possibility of a magnetic sense in animals. 
Recent developments concerning electromagnetic effects an 
cancer ore also on the program 


Hydrology 

Impact of Richards 1 Equation Banquet 

The special session, Impact of Richards' Equation. Is sched- 
uled for Tuesday, December 8 at the Holiday Inn. There will 
be a luncheon banquet at noon. Don Nielsen will speak on 
Future Directions of Richards* Equations. Please send a check 
payable, in Ihe amount of $8.50, to T. N. Narasimhan. Earth 
Sciences Division, Lawrence Berkeley Lab. Berkeley, CA 
94720. Reserve Now! For more Information call 415-486- 
5655. 

Planetology 

Satellites of JupUer and Saturn (W, AM) 

Surfaces and interiors of outer-planet satellites, with empha- 
sis on processes that modify surfaces. Several of the papers 
treat cratering, crater relaxation, and tectonics on icy bodies. 

Outer Planets: Atmospheres, Ionospheres , and 
Rings (W, AM) 

The first three papers consider transient phenomena 
(braids, kinks, spokes, etc.) in and dynamics of ring systems. 

The remainder of the session Is devoted to atmospheric states 
and processes, including flow patterns, emission, lightning, 
and chemistry. 

Early Solar System and Primitives (W, PM) 

This session Includes papers on preplanetary disk condi- 
tions, then moves to meteorites and comets 

Mfcrouwue Observations of the Planets (W, PM) 

A session on active and passive methods of studying plane- 
tary surfaces and atmospheres. Both earth -based and space- 
craft experiments will be represented. New results as well as 
brief reviews of each subdiscipline will be included. 

Terrestrial Planets: Atmospheres and 
Ionospheres (Th, PM) 

Primarily a session on Venus atmospheric phenomena from 
Ihe planet's surface to its interaction with the solar wind. Sev- 
eral papers discuss ionospheric models based on Pioneer Ve- 
nus observations. 

Terrestrial Planets: Surfaces and Interiors (Th, 

PM) 

This session Includes papers on gravity and differentiation 
of Venus and Ihe evolution and temperature of the moon. A 
later paper discusses an early lunar core -dynamo magnetic 
field. The session concludes with presentations on cratering 
studies and on morphology, dynamics, and control of sand 
dunes. 

Solar-Planetary Relationships 

The Section of Solar-Planelaiy Relationships will sponsor 
several noteworthy sessions at ihe fall meeting. Special all-day . 
sessions on Monday (SS) and Friday (SM) will feature the 


NASA Solar-Terrestrial Theory Program (STTP). The Monday 
papers are Invited oral presentations by the STTP principal in- 
vestigators. The Friday papers are contributed poster presen- 
tations by the STTP investigators and others in the Held of 
space plasma theory. A special all-day session on Wednesday 
(SM) will feature Invited and contributed talks on laboratory 
and space experiments designed to elucidate magnetospheric 
and Ionospheric processes. A long session on Wednesday 
morning (SM) will highlight preliminary results from the 
Dynamics Explorer spacecraft launched this past August Con- 
tributed sessions on aurora and substorms (M, AM/Th, AM) 
and on waves, instabilities, and turbulence In space plasmas 
(T. AM/Th, PM) will feature oral presentations early in the 
week and poster presentations on Thursday. The spectacular 
success of the poster sessions at Baltimore has earned us use 
of the El Dorado Room of the Jack Tar for this purpose at 
San Francisco. Attendees of the poster sessions on Thursday 
and Friday (SM) will find a gold mine of information there. 
Special sessions on the Magnetospheres of Jupiter and Saturn 
(SM) will be held Wednesday afternoon (contributed papers] 
and Thursday morning (Invited papers) so as not to conflict 
with Planetology's special session on Voyager 2 results. The 
invited speakers on the magnetospheres of Jupiter and Saturn 
will each be given a full half hour (plus discussion time) on 
Thursday morning to review their respective topics from an 
Impartial perspective. 

Volcanology, Geochemistry, and Petrology 
Magma Energy (M, AM) 

Molten bodies of rock within 10 km of the surface are a po- 
tential source of energy. In the U.S. this source may exceed 
the annual energy consumption by 3 to 4 orders of magni- 
tude. DOE's Magma Eneigy Research Project has concluded 
that extraction of energy from this source Is scientifically feasi- 
ble. Tills session will summarize the findings of the project, In- 
cluding drilling technology, energy extraction methods, and 
problems associated with operations in this unique environ- 
ment. 

Hawaiian Vofcon/sm (T, PM) 

Hawaii is best known for its two most active volcanos, Ki- 
lauea and Mauna Loa. The papers In this session focus on Kl- 
lauea Volcano, which erupts every few years. Included are the 
results of recent geochemical, geophysical, and geodetic mon- 
itoring of Kilauea as well as findings from recent drilling Into 
the Kilauea Ikl lava lake formed in 1959. 

Chemical and Convective Stratfflcatfon of the 
Mantle (W, AM) 

It is the consensus of earth scientists that convection occurs 
in Ihe mantle, but little Is known about the vertical dimensions 
of Ihe presumed mantle flow. The papers in this pair of ses- 
sions will present the geophysical and petrologic evidence for 
stratification and chemical variations In the mantle, explore 
Ihe constraints on convection parameters placed by studies of 
subductlon zones, and discuss theoretical aspects of mantle 
convection models. 

Geology of Lolhl Seamount (Th, PM) 

Lolhl Seamount, which lies 30 km southeast of the Island 
ol Hawaii, Is probably the newest volcano in the Hawailan- 
Emperor chain. The results of recent, closely coordinated geo- 
physical. photographic, petrologic, chemical, and isotopic 
studies will be presented in this special session. The findings 
taclude data that may require significant modifications to the 
traditional petrogeneHc model for Hawaiian volcanos. 

ExplosJveVolcanlsm: Inception, Evolution, and 
Hazards (Th, F) 

The catastrophic, explosive erupfion of a volcano is one of 

l3Cl,lar k1 Splay u 5 ' In Wder to provide a «ta- 
lyst foT additional research into the origin, mechanisms and 

consequences of such eruptions the Geophysics Studu Com 

mlttee of the National Research Council hi“ed a pTn- 

donExpMve Volcanism. The results of the panel’s studies 

wU be contained In two special sessions of invited papers that 

^ l0r V X ?°r vokan,sm and relations between 
tectonic and volcanic processes. The invited papers will be fol- 
lowed by two sessions of contributed papers on explosive vol 

heShere C “ d " “ d ^ wlBBn08 ,n ,he 

Island Arcs and Ophlolltes (F) 

1 1 sessions— Petrogenesis ol Igneous Rocks in in- 
aaoceantc Island Arcs and Ophtolites and Petrogen^is In ll 
land Arcs— will focus on the relaHons between subductlon 
and volcanlsm In Ihe Island arc tectonic settina TnrinrW 
pcttologlc and chemical studies of representative ophtolHe™ 
seefions and geochemical Investigations of volcanlcrodra from 
island arcs near acHve subductlon zones. rocks 


Ocean Sciences: AGU/ASLO 
Joint Meeting 

February 18-19, 1982 
San Antonio, Texas 

Convenor: W. D. Nowlin, ,w , — „ , 

Jr., (AGU] and I Joint Meeting 

R. W. Eppley (ASLO) ' JSSBSff 

Abstract, Deadline: ■ 

November 10 , 1991 

Call for paper, pubUahod ln EOsTw^T 



A Chapman Conference 
on Subsurface Water 
Contributions to 
Streamflow 


A Chapman Conference on Subsurface Water Conlribu 
tlons to Streamflow was held October 5-9, I960 at the 
New England Center for Continuing Education In Durham, 

The purpose of the conference was to bring together an 
Interdisciplinary group of scientists and engineers who are 
actively engaged In research on the processes by which 
water from atmospheric precipitation moves into and 
through the subsurface on the way lo becoming stream- 
flow. Subsurface here means everything from the upper- 
most leaf or litter layer just beneath land surface down to 
and Including the underlying saturated zone. This approach 
also requires consideration of evapotransplratlon and capil- 
lary forces, which remove water from within the flow sysiem 
either permanently or temporarily. 

The discussions and papers dealt with a series of major 
topics, each of which was Introduced by an Invited speaker. 
The boundaries between topics proved fluid to say the 
least, However, and, In fact, over one half ol the partici- 
pants were most Interested In what has come to be called 
hlllslope hydrology. (That Is, the emphasis was on process- 
es at the 'grass-roots’ level.) For these reasons, the pre- 
sentations are generally given In chronological order In- 
stead of attempting to categorize them exactly by topic. 

The conference began with a discussion by D. D. Huff 
(Oak Ridge) of the latest progress with PROSPER II, a 
model for atmospheric-soil-plant-water flow. J. L. Nleber 
(Texas A&M) pointed out the Importance of capillary hyster- 
esis In saturated-unsaturated flow by comparing the results 
of finite element simulation and laboratory modeling for How 
In a sloping slab. A. L. O’Brien (Lowell) showed from 
groundwater level and stream hydrograph relationships that 
as much as 90% of flow from a wetland could come from 
groundwater. 

A moat provocative presentation was given by D. Hilfei 
(Massachusetts) on evapotransplratlon with emphasis on 
the complexities of both soil evaporation and plant transpi- 
ration. Commonly held assumptions about uniformity of 
evapotransplratlon over broad areas regardless of plant or 
soli type are suspect, and the widely used idea of potential 
evapotransplratlon is hard to define In actual practice. F. I. 
Morton (Environment Canada) discussed his development 
of the complementary relationship between actual and po- 
tential evapotransplratlon through use of routinely obtained 
dimatologlc data. Ben Sill (Clemson) pointed out Ihe 
bounds Imposed by atmospheric stability on evaporation 
prediction by the bulk aerodynamic method, He presenled 
a method for Incorporating this into the current evaporation 
equation where it Is commonly Ignored. 

H. J. Morel-Seytoux (Colorado State) demonstrated the 
value of analytical solutions In considering Infiltration 
through the unsaturated zone. J. B. Urban and W, J. 
Gburek (SEA-AR) are attempting to model basellow In a 
New England watershed by considering the physical control 
exerted by saturated seepage In a fairly shallow soli and 
fracture zone overlying Impermeable bedrock. They ob- 
tained recessions they consider to be characteristic of Ihe 
subwatersheds. Recent results of work with a variable 
source area simulator, VASA, were given by P. Y. Bernier 
□D d J" J ‘ Lefkoff ( Qa °f9ia)- This model will also be linked lo 
PROSPER II, which was discussed above. 

D. D. Frltton (Pennsylvania State) highlighted the difficul- 
ty 9S ^ quantitatively describing porous media flow proper- 
ties In the unsaturated zone except for a homogeneous 
medium. He emphasized the unsaturated hydraulic condufr 
tlvlty function and some ways of measuring It. Ibis was for 
lowed by L. K. Kulper (USGS) who considered the problem 
of head decline In a confined aquifer due to vertical wafer 
movement In an overlying saturated-unsaturated confining 
bed. D. K. Babu (Princeton) presented some analytical n- 
sulls describing the response of the capillary zone above a 
water table to recharge. Specifically, Babu’s resuHs Indicate 
the water table can rise very quickly. . , , 

A definitive survey of the need for monitoring and reieteo 
problems with Instrumentation for hlllslope processes 
given by M. G, Anderson (Bristol). Good data are needed, 
and broad generalizations are to be avoided, If valid inf#* 
ences are to be made. M. G. Sklash (Windsor) gave the J* 
suits for environmental Isotopes studies that show a mW 
portion of storm runoff In a stream In a humid region lew** 
ly lo come mainly from groundwater close to the stream^ 
groundwater ridging theory has been developed to exp« 
the phenomenon. K. Beven (Virginia) introduced his pr»» ,r 


The conference was cosponsored by the University of 
Hampshire; the United States Department of Agriculture, Sd 
and EdL , °at ,on Administration-Agricultural Research (SBWW 
ins U ntied States Department of Agriculture, Forest Sewcej- _ 
Northeastern Forest Experiment Station; and the American wj* 
SS? 8 Association. Tbe convener was Francis 

Hampshire. Financial support from SEA-AR 
[or a distinguished invited speaker from England and asstef .; 
fh« attendance of a graduate student. The U.S. Fors^rvro® 
supported the abstracts volume, and AGU paid transports** 1 .. 
graduate student. This help Is deeply appreciated.. _ , ^ 

-JSSB**** {abstracts)’ available with entire meetingreP^ 

Chxtei ’from American Geophysical Unl ^^.e”oa 
Ave., N.W., Washington, D, C. 20009. Document B8l-00 7 }f i T 
W accompany order. - 


(na w results In using the kinematic wave approximation for 
predicting subsurface stormflow hydrographs. The complex 
Soblsm of what goes on at the Interface between the un- 
stated and the saturated zones was discussed by T. N 
Na/aslmham (Lawrence Berkeley Laboratory). He pointed' 
oultiial the two zones should be considered In a uniform 
fashion Instead of being arbitrarily separated. 

T.D. Steele (Woodward-Clyde) reviewed current work on 
chemical aspects of groundwater-surface water Interactions 
mainly by use of case studies. L. R. Ahuja (SEA-AR) pre- 
sented the results of studies on Interflow In sloping soils 
and how chemicals may be transported through this region 
D.F. Ryan (Dartmouth) gave the preliminary findings of 
modeling chemical movement In stream flow for a New En- 
gland watershed. He observed that simple dilution models 
may describe average chemistry reasonably well but that 
they do not describe the process In a realistic way. H. J. 
Simpson (Lamont-Doherty Geological Observatory) showed 
the value of radon 222 measurement for tracing groundwa- 
ter Input lo streamflow. 

The Invited speaker for water management was unable 
to attend; however, H. J. Morel-Seytoux (Colorado State) 
proved a willing and able volunteer. He emphasized the 
value of analytical response functions for stream-aquifer 
systems Instead of numerical models because of simplicity 
and decreased computer lime. D. N. Folkman and D. T. 
Pederson (Nebraska) discussed the problems of describing 
stream-aquifer Interactions when flowing wells and pumping 
Irrigation wells are present. 

J.A. Lynch (Pennsylvania State) and E. S. Corbett (U.S. 
Forest Service) gave presentations on the role of anteced- 
ent soli moisture and the stormflow generation process as 
observed In an Instrumented experimental watershed 
where artificial rainfall was applied in various patterns and 
a! various rates. 

J. DeVries (British Columbia) and M. G. Uttlng (Hart, 
Crawser and Associates) discussed the stormflow genera- 


nonffiln nZ * watershed - The apparent 
lar ntarSf ! ,aw storm,,ow was of !»«»■ 
ftow comSiHc ol? 98, h0l9S - and {he liks serving as 
covenrf by I ° f hll,s,ope ,unoff was 

onstrated that wniieti 020 i? ri sh Columb| s)- He also dem- 
onsuaied that realistic patterns could be obtained bv treat- 

Dutt C P T rtles 33 variables V 

F l poster s0sslons w «re given with 

use d tha rimr!f r ° nm ? nl Canada) ,urther ■"usirating his 
S relationship between actual and 

eva P° tr ® n spl ration. K. Beven and coworkers at 

Sv ofZ 8 fmi e ^ h f ‘l 938 and prellmlnaf y results lor a 
° S cld P r0c, pHatlon on catchments in 

rqPA AD?? Na,,onal Park ’ L R - Ahu Ja and J. W. Naney 
a method of soli water character- 
ization of iwo watersheds under different management 
^ amas - R - f • Wright (McGill) gave the results of a de- 
tatied study of the water balance in a small subarctic water- 
shed. Also, during the conference M. G. Sklash (Waterloo) 
gave an Impromptu talk on the use of environmental Iso- 
topes for Investigating storm runoff, and D. R. Lee (Atomic 
tnergy of Canada) discussed some of his work with 
groundwater-lake Interactions. 

The conference finished with a panel discussion on re- 
search needs by T. A. Prickett (Camp, Dresser and 
McKee), M. E. Moss (U.S. Geological Survey), and D. Hillel 
(Massachusetts) with one Interesting theme being the need 
to use analytical solutions where possible and to avoid 
elaborate numerical solutions where they are not warrant- 
ed. J. F. Daniel (U.S. Geological Survey) then gave an 
overview of the Conference as a whole. He poinled out that 
there was an Interesting geographic bias between those on 
the west coast of the United States and Canada, east coast 
of the United States, and England who preferred nonlinear 
approaches and those In the central United States and 
Canada who preferred linear approaches, which seemed to 
carry over into their views of the Importance of the capillary 
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fringe. He indicated that we should let the physics and 
mathematics define the flow system and not gel hung up In 
terminology. He also noted a tendency for theorelical over- 
kill lo what appeared to be rather practical problems and a 
tendency to negleci the literature. 

r MX/miMEMM, ' "*> 

Job Center 

AGU will again have a Job Center at the Fall 
Meeting In San Francisco. Employers should 
bring job descriptions for posting. Candidates 
should bring copies of their resumes. Sign up 
and Interviewing will be In the Holiday Inn. See 
November 10 issue of Eos or program for de- 
tails. 

Special Session on 
Geophysical Education 

An open discussion on special educational 
needs of the various disciplines In geophysics 
by AGU Section Officers and those with an in- 
terest in the education of geophysicists. For fur- 
ther details contact C. T. Russell at 213/825- 
3188. 

AGU Women’s Subcommittee 
Open Meeting and Panel 

Wednesday, December 9 — 5:30-7:00 P.M. 

Jack Tar Hotel 

See the program Information section of the 
November 10 Eos for details on the Dronrnm 
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Separates 

High-quality reprints of Individual arti- 
cles from AGU journals are available In 
Med quantities. The separates pro- 
yam la designed to provide you wlih 
single articles tor your personal use. 
SmaU quantity purchases for classroom 
usa or library reserve copies for classes 
are available while supplies last; send 
your request on department stationery 
Swing the class title and number of en- 
rotod students. Quantity orders for re- 
sale or redistribution will not be filled. 

To Order: The order number can be 
wnxl at the end of each abstract; use all 
tips when ordering. Only papers with 
wrier numbers are available from AGU. 

- 53.50 for the first article and 

>1.00 for each additional article in the 
“J* "tor- Payment must accompany 
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JJJge Ib only $2.00 and $ 1.00 ton 
swntonal article In the same order. 

Separates will be mailed wlthl 
of journal publication or wlthli 
If ordered after the journal 
reared. Separates are available 

SKS„! 0r lwo >' eara da " 

J? 0 ? 88 English translations of 
Br* m!°i? 1 ^ lJ88,an translation jour 
available either In unedited fori 
SJ™* ,h8lr luting In EOS or In 
form when a journal is publfs 
char 9® 18 52-00 per Russian pa 

Send your order to: 

JJBrican Geophysical Union 
^ Florida Avenue, N.W. 
Washington, D.C. 20009 


**onomy 


’■ifflClTlna ™ — “Tins or rmuacion 

ttSJI tam “ E ICjH.J IN I HP 

Ifcl r«,£ MFTI0B "“TM 

° r Univ«r»l 

! l, U.,vl7k .«*■* a «M>. F.J. Hurorai 
&,o *n, ' ' 0, m». H.S. Bonoao, 
fylrtf ,n * RlJ . Cloaroho. 

l r «*0luiion P ?H[ lfl * b * >r P tlan •P*olr« |L 
*. Ml *» durln * ■ billoon r 

i.!*| M "*“ 

, t* i ^2' Th... ftittir.i ire ui 

’**• Thlt B.„ ,rsr of -SS ppL 

J 8 * v, rltLo Into Ul« r«. 

tnr uppar -tropHphgria C 

H'* 1 * n,po ' l; ““a*’ but n«u 

In snn^lta eol lea 

m. ~ 

'' f«p«t 

of radiation 

S&ssst - 2 ~-— 

Thooal 

“•■Wioantal Id^tirioa 
*’ < w«ion of 
.iuu. 

1AU96 



M10 Coep ollt lot (atonic or ulcrularl 
KESOSPBEHIC HATE* VAPOR 

S. Oajuehl and D.O. Huhlcsan (DU. ol Goolaglcal 
■od Planatary Sclencaa, Calll. loatliuta of 
Taehnjiogy, Paaadaoa, California 9I12SI , 

Vatar oapor in Lha aarrh'a aaaosphata haa baan 
obaarvad at thr frequency ol 21.13b Chi aa an 
absorption agaioat tha sun uLllliIng a ground- 
based radio talaaeopa. Tfaa RjO □Iking ratio ol 
4. Ill ppm la obtained In tha ha I g hi 40-70 to 
for a conarant dlatrlbutlon nodal. Thu data 
ara squally wall rsprsaaniad bv a pfcotoelraaldal 
osdal of Crutiaa (1974) which waa scaled by a 
factor of 0.93 ylaLdlog a peat dialog ratio ol 
bit ppo at 55 Va. These teaulia ara 3 day 
avaragaa during Hovaubor 1979 whrra the avar- 
aglng periods covar tha about , I hatra of the 
aun'a t finale of cur oarldlan. The uaaurescnia 
are lnaanaltlvo to B;0 above 70 ka vhsre lha 
absorption la varv usil. Vo cannot aatloala tlx 
oiling ratios bo low JO loi since ths pressure 
broadening In tin, line excoida [be btnduldlh ol 
our spoccrosetnr at tha lover altltudan. 

I Water vapor, saaeaphere. radio taloaeopsl. 

J. 'juopliya. Ren., Green, Paper IC1S00 


439 OoopoiltloB (Atonic or nolecular) 
an G not VARIATIOHJ 1H ATIWIC HITSOOFH DESS1TIES 
I. J. Zngebratson (Dapartnant of Phyilcn, Augaburg 
ullage, Hlnuapalla, Klnnaiota 554J4) and 
I. I. Hygran 

Ihanoapharla dansltlna of atonic and oolecular 
iltroggs vara naaaurad Inn Pnbnary 1976 through 
ik lobar 1978 by tha Opan-Sourea Kautral-Hua 
Metro natar (035) an the iqaaiorlnl Atnoaphere 
iplorar-E aatalllta. During thin parlod a ilg- 
if leant Ineraaia In N danilclo mi obaarvad at 
llitudas of 350 ba and above. V* ballnvn tha 
ncreaaai nan ha explained by lncraand production 
f II ins to anhaacad solar aatrana ulcravlolct 
sd let Ion but not by a nlnpla rtaa In thsrao- 
eliarlc tonparanra. I^lrlcel mdnllng ol H 
Entitle! at 250 and 375 bn gilq atapwln rag- 
aaslna tschnlqoaa lndloatai that tha Ineriaaad 
olar EUV rluvas In tha 800-1600 A range arn 
vfflclnc to account lor tha obaarvad rlaa In V 
arultlaa at 250 fcn 1m Jiaia 1976 to June 1977, 
ad ara the donlaanc factor In the density In- 


npaaltlen (arontc or nolacular) 
t OP KETAETABLE SPECIES IS 7HE THB«nS- 

torr (Can tar for Atnoipharlc and Spits 
is, UK 34 Utah State University, Ugu, 
14322) D. 6. loti 

Ived or netaateble ait Usd atalaa of v«r- 
obi and aoleeulaa In tha Lhanasphara 
i raaarvoira for tha tanporary storagt 
maidarabla portion of tba solar EUV photon 
deposited In the tha mo sphere- meea 
i parnlt the redlecrlbutton of annrgy via 
on proceaaea yielding blnatic or vjhatloa.1 
I, loo fornatlon, the fornaElnn of other 
ibla special and Cha non-local deposition 
tnargv, at opposed to spontaneous radla- 
icav. ' While chansoepharlc aprelea aurh » 
dva been srudled for d«»doa. and Inde.d 

id t ba flr.t BvJ4anca for lorbldd.n ir«l- 

others have a rolntlvsly short history, 
y of lofornatloo eoncocnlag notat table 
usnti of ra leva nee to the thomoi|*ere 
wo coneidsrahly over tha paat dacaM, lo 
D [ ubare It 1* ELsal / w oon'ldor the 
end future needt of reaearch |B th ‘* JJ*’ 

paper. W review ths dev.lopMnt. Uad log 
currant pbetochenlcal plnure 1 J} Wa 
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04e0 Tides, wjvra and winds 

A DISPFR5I0V FOXKULA TOR AHAIT4|M. "H'lVU IXItR- 
FEUKCE’’ W0 M GUIDED ADD PME GIAVITT-VAVr. 

AND OTHER FKDtOWNA IN A REAII5TIC ATH'iHlfRE 
T.P. Tuan IPbvalce Dipt.. Dnlvarsltv ol 
Cincinnati, Clnclnnlll. Ohio IC.'II anl P. Till.. 

Gravity uavaa art known l-< propakslc In ihs 
continuous as wall aa Ihe partial Iv ani (oily 
guided oc-lss. Through lha dstslopirn' * 
dlsparslm fomils, wr will shw il.n Hr is 
rhror caIii can "Incerfrr*" anon H ihrnsrl.ee <nd 
Ihsi one loportani ,-onaeluencs ol su^l. 
"Inrerfaranca- la ihai thr yuldarcs of i lsr>r 
puabrr of pari 111 Iv R-il^rJ Bodes - an ha 
dual roved. Ths alnpla l»mh for Ihr alls lira 
attenuation distance. -Wlnk in lor as.- h <.siplr« 
partially guldal Bode k,„ (ohm l, la ihr h.-r- 
lionlal van vacrur). Is no longer *»lld v).«n 

than la heavy "interferenrs" or "o -J a l ...arlip." 

A aicpla crliarlon will ha Jnrl. noH r .. 
diaclngulah th->ir Bodes wb|. h r.--.i|.i ..r .- r. ■ 
able f too those which ealst phsslcollv . ol, -is 
part or the general batbyrour.J. 

Us will also ahew that |ho preian:r ol -in 
■npllclt gravlly-uava source can onlv 
aalectlvalv or alDultanaouslv rider th. a.< 
cedes which ara obimible and that i)v oiher 
udrs raralb aa part of Ihr borVyrcmd . 
unaffected by tha aturre. Hr dlsrrrsl. n 
foraula alas shows that « dlscretr node Ji'nlJ 
be described bv ivo pirulttl. 0 r« Is |)>- 
uaunl nodal position k, n , while |l.y .*lhar la lh* 
"ualght" which varies with different r-lna. There 
la olao ih« possible e«lsianc# of ver ar.ctfvr font 
nf guldeJ rode which we will call ihr vlrtmllr 
guided node and which possesses chiraclrrlat Ire 
quite different fron iha olhrr guided r.-dr*. 

J. Caaphya. Fas.. Blue. Pipei 1AJ509 

0499 Caneral 

TEE DID1XAL TA1UTI0E OP AmRPHUIC SCDIUH 

B. R. Cl ana tba (Inttduto da Paiquiasa ItpacSals. 

C. P. 516, (io Jolt dm Capos, I.P. Braail), 

D. H. Hanoi eh, P. P. Barilla and V. If. J. H. 
Urchhoff 

Goatlmiaui aaiiutsaaDta of lha vortical 
diitrihitlDn of ataolpharle sedlia, aids over a 
miabar of collate diurnal cyclea, show the 
aalataaea of strong laaldiunal oscillations Ln 
total abuodasee and height. Tha aaplliuda of the 
abundance variation, about 13X of tha neap, la 
about rvlca that predicted for the 2,1 aoda of 
the aaal-dicrnal tide, and it* phase, with mu Ian 
at 0400 and 1100 LT, ii in good agiaaeaat with 
tidal theory. Tba vertical eaclllatlnn, with an 
Mpltuda of 2 la at a bright of 100 la, la 
■bout 3 llnas tba aapecttd aqllluda, and tha 
naaurad vertical mvelKgth of 31 km il la good 
agracMBt with theory although tha phlie la not. 

A atrong diurnal oscillation, observed only at 
blight a below 81 bm, ll Interpratfd aa bain* lh>- 
reaalt af phoiacheairal react Inns betwern swilun 
and other atmaipharlc conttUutara. Tha lack nl 
any appreciable 24-hour ccmpenfnl in lha ID la l 
ibundarea varlelion lapllaa either a resident 
time Tnr lolat aodlun of wiro that 3 days, ,'r 
gnutce end slab fund ion* uh.,»e diurnal 
variation!, unless indent leal , are nit 1 ■ • 
(Atmospheric ao-liua. I ides). 

J. i.trphya. Peai, Slur. Cjfwr 1.154'. 


Physical Properties of 
Rocks 


,6110 llaatlelty, fradure, and flow 
, 1 nOUl PRACIU1E HZROT OP UU1ULV RRMITR TMff 
T0ST-FA1LUU BEHAVIOR 

T.-F. Hoag (Dapartnent ol Earth aid PIneitrr 
ildiKii, Kaaaachuaatti Insiiruia of Ttr neology, 
Cubrldga, KiaaadMietia 07139 U.S. A.) 

Va consider Ib thla paper the aaergstle rale- 
. clanship among four dlffamt typaa of nusif 
■anti - eraluarlan of ahtar fracture energy Hum 

S ' 1 ibo log (cal date, rock ofcbialea study of pnt* 
[lure behavior Id Irlaalal cMpreaatan. ara- 
■uriaaot Of dptelflc aarfaca aaatgy of alas rail 
In a taaiU* node, ani SOI observation of airaaa- 
ladudad slcroat rue rues. 

■ Bhaar fracture naergy cal ll estimated from . 
post- failure defei^arloa 4«a follawlag ah i»te- 
1 grot lea scheme ipcantly au|ga*tad by Rite. 

.Values go' determined for Maisrly graslis el 
' pros mirst «P to 250 WS ahf tempi rat urea up Id 
700*C are of cbt order 10,1a", which are about 
two order* of Magnltoia hIRbar tlai the tensile 
; "wiioea. Jlnalyaii of aw due, together with 

prevlepa won lanperatura pait-fpllura data, . . 

, jbov that tha Influenn of lamptraturs, pptdanra, 

■ ; .:aad ropk type can things the ahaer fracture 
■ libergy by a* order of saga It ode. 
i : Xlcrntraeklag anargy ca# b* aatlMtad by Mill 1- 
'■ .lying tha atraJi-induoad crack area fohiaioad by 
ararbologlcal tsdnique) and tha alula oryegat 
epic if la turtles energy. Eaergy far the listens loo 
. ; >.( micmcricko rtaolvabla under BIX Can account . 

“fer ■ majer pert lan' of th« total energy Uput f °r 
’ ' Wfallhr* dtfowit lop. However, for pait- 
' failure deformation tbp farmer ■* walier ihw 
. ' "iha latter hr aa loan aa order Of magnltadh. 

I J OMThya, Ua.. *-l. tf per 1B1502, i . 
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‘ndlyiei art OJJe to C'>-5Jrt the |«; aiSr-jjir.L 
£| ul I r) the tram lent r-.th>,| to feter-iiry. pp, . 
ryitilily of rotki: in st“pllfieJ serslcn |r.o 

Etc r.urencal verv'on. Tfe ilpplifruij «emicr 
4i5u-«5 mat .nan tte sa-sle »olire t * r,;h 
griller than trie reservoir lr.« fluid 

itorage In » r«k *a-p!e can be nsglecii'd I'd 
the grtiiure decay In tti upitvea* retereolr cm 
ce epproit-aiej Dy an eapcrcnlial fur.cticn cl 
tine. Tne nisivrlcal sernton uits finite jii- 
ference ratnoJ to *oi»* ine differential tqjitlcn 
of pressure cacgy irg natcriiei Erg ciservad pres- 
sure decay with tne calculiUd «cjj curset. Ire 
prat sure dec*/ calculated b/ tne n-^rlcat 
veriion Is noi gererlly t glnple eapormiljl 
function of tine, al lu)]titrd fey En« 5lT«llf1eO 
tkrvion. Cur ana ly jet mow that the turner ■ cal 
version fits to the aliened aala very well. lr.i 
permeability vaIlb deleralnea by the sltplrfied 
vrratan tends in be (reiitr than mat d«ienn«j 
fey the numerical vergion. The differ«r:e In 
acpireni Ctrreability between the twa depends on 
many factor! Such ag r«a prapertteg iteroilty 
and congress ib i lity] , sample sue, itwiuir 
vfelunes, etc. A reTati.a fluid storage is ,»g 
te il lust rate the a if Terence cf Ihete two ap- 
proaches. Far g re let lac fluid storage nKe of 
greater than 0.03 Ihr dsl Terence In pemaabi lily 
Between tne two is Burr than 3DK. Tar a s.stco 
with a fluid storage of less tkan 0.01, trese two 
versions agree with ejth other well. 

J. Csjpbya, Ren., Red, r«p«r 1*1411 


HW Equal lomi of slata 

Jeaae Vlaglrda aed Tbemaa J. Ahrsma (leleeolagleal 
Laboraisiy, Cal l To rale laitlisti ef Tvdmlegr, 
futdna, Call Torsi a 91111) 

Hugooiai equal lea ef ante and ralesea ad lab at 
rtswlia are ptaaeatal lar «-«*! cryatale ef 
■tigonlia , the high ftanuri polymorph ef calc ire, 
ahockvd ib yrsaawree ef up Ib 44 <Ti. A Hugos lot • 
elaatie limit le abisrved el 2.1 t O.g CTi and fa 
eimlln ib that, of ralalta, Vklib, diyaodisg sa 
atlantal lea, raagaa (IM 1.1 ib 2.1 era. J pkaaa 
transition, poa*|sly dlaplaclva, atraii barman 
I.S and 2.4 C7i, than aback prraauraa of MB Cf«, 
lha aragMite sad ulctta Kugoa lets are surly 
CtlicMat, isigtiilH traaaformatlm «T bath 
palymocpha it tba name pfeaia. Modal tallkluitu, 
aiiv^clfeg to character! ti tha high pi as rare CaCOt 
phase are prwM^tad- ' AragMite relaaam a (Lab at a 1 
crqiucqd at ^tnenai halve a a f aad li Ot Udlutt 
that atqlea Vilh lypsisat aaro-ptea'iuira dtfiltlaa , 
from 2.9 to 3.2 gfca ara ackim( ayea dtMgni-' 
■lo* (ram prograaalvmly gm(ar atack gf'tanru. 
Obaarvad ailasilai pa lha Inn aback gttittrst skni 
17 CPe ara atgalf Icaal ly sad eooeia lastly ahnUawar 
(Ib a dtiuiLrpcBiwrs plaoa) than Umh ream law* 

C mauna. and isn-gnusn daaaUiaa ay ra 2M 
slow that oT cha iaU'lal srapuolra danjlty in ! 
achlnqod epos lailaadlmgt Uaw fivtfit auggaal . ■ 

' that vapon set too la opcorrUg mpefe Mtaadlhg, . 
Accord lag to iMtlHaa aback taappnlsri aad. 
entropy calcolatleoa Im w ar, tba mini mm aback 
piMsun (nr vapailefectoa upon tsleut Ter "... 
ongaaltB te 55 Cf* (end 33 We for calcic o) , 
algclflcaady hlghat thaw Cha obqarred .valla, 
J.Caoyhyt, Me., M, Da par IU4W . 


I ■ - ' • 
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614& Kagiuillt ir.J alottrii-il pr^purl 109 
THE PI ELD DHUtilNCI OF HW.EIli: hi V 
TDtflSATIffEi «4KG It STS USIKG CnETLlUC F''Sf E 
DAW 

D.J. Dunl'.f. (Ctnphyalrfl LaSur aiorv , I'upirfr i*ul 
it Phulci, Vnlvnaliy al Intiinio, Wr-inr<i, 
Canal* BIS ItH 

Ih* Maid J«;cri>li'nci- r.l bl-i.-kln,; 

T| ant tha teafarncure >lxperJ<:nca aI ■ i»er/ lv* 
(or.* H c ora ihown an ho anal’i&u'it (•.nrlli.na, 
Csarclv* fair* iloia, nMnlmJ i»»llnrl/ with 
atA<1tard fqulfconc, cun Ehorororr hi- mi-J In 
■nxl-os (aid nf cheat leu of rkerEoire/inanl 
aignatlcatUn <7 PHI . Anting H c tnra rep.iiiel l„ 
tlill [iptr (ur Blr, K lc“d"rJLn ant ar.ill r-iltl- 
•ic-nlln signal lla dlnpcralona an.) a v irlaiy ••( 
(octa are ■at’.had equally veil Nf afil't (Hill 
ihtoiy .if ihaioally arrtvatad ughni Iral ba 
thing** ol Mnl'a (19511 Ehenrr of f l c-i d- 
Inlucoii tow in nail dllanlacaaeni*. U.* 
lispnaluii daponJenca . -f dcs-iir, will pinning 
la a or no la t unknovn In ctu will ■lUqWra-l'nt 
Mai, allrvIPf ccnilJuratilo laill'jto in itirva- 
I lie lug. II th* (hemal *.-( Ivxt Inn E>.4d la 
*mn*d, rcnarable ualuoi ara found for eh.’ 
vnluna aetlvatf.l In a a Ingle rjgnrt I 1 . 1 t |. n 
■tutiaal si vail |na In (he fln« in>l rt4;u=- 
irafnari iicka laaled. Addlil. nil Indtftnlani 
•vlilanra lira hracernala and aUH’opIr 
■ loatnal inn la necoia.iry. h*vou..r, In tlurw 
beivaan tha ri'pitine TPH rvdt li In fndlrlilujl 
mat. 

J. Lritl.ja. Has. t ltd, Piper ImtAh 


6140 H*gn«lc *«J alacirlcal frxff.rele* 
liunna OP CDTAIR CEMfTTlICAt ftATUMS TO THE 
DinPcnir wmur or «wi 

r.H. Sen (SehlwaliriacDoll Research, P-1. Bn* 17. 
Ililgeflald, CT (Mill) 

Wa a Sou chat tha (as I real of t*>a Jlolnccrte «u) 
roaaianc i' ot racka at lev ftrquenclea can be an. 
aulmaly high du* to tha fiairn'-e ol a arttll cor»- 
HnlMtlM n ef high aapul aatlo pirctelah. For 
ohlata aphatoltil grains (u 1 !**) with dapalerlia- 
llon factor aluog aprarry (-.7) ula, t »l“®, 
J-h/tt, the static valua of the dielectric £w 
■lent af rnek f ami d< cnihluctlbltv a»ul are 
given for flU-Av cfOI-'S ',Ai. t Vln, onl fnr 
(US 'll by i(0)»Jitl-n/S). rMTJ 1 . Horn (A 1, the 
dielectric constant ol the grain; t« the tc 
c-xv] activity ■>( the teat incl. I'eaa III i.irraapon.ls 
to the wall kiwn Hxival l-Vxgnar effect with 1., 
dtaerg Lug it n * 0, and oib)-n. Case (j) rIv*i * 
rxival ril'jlc that f, nw dlwatile fi'r 4 '0 -A . will, a 
Wi'itlkin) 4(01. f*o* 111 In applied in eaplaln 
Iraquanry anl at Unity daprn laaran an) ilm llml 
value* ( 10' a .■! the d la Ur ■ nr .xnatani of emr 
ducting aedlrentJrv in.-tia. r.-r r .in"*, *-|i> . 

,* - Id, wa find ij in.)rt. blilch I* lar^o r.-nrur.l 

ti* if. .it tha li It 'd win tf )> . 

• I.H'MWII vrd. -h. ii'. 



El'll wntlll ot Clt. oil. trio ..J* 

"v imtiri- km vcv.'vmt- v- 
«iH* tit tnritwxt (l ALPr- Ki-'ltor r«.*.i 

v. v. UKUuilas ic-iit. .jf >A|..rr, wiv. 

Illlii-jla 41 ViNni- l.iq jt|s, II. »|a>aiii «id 
I. A. Ci«ten|. u 

lhe Hull I'laaiJia .vtl rv-.nini *1 lani-nso --f 

• i- ionlal iafuat>.*ry i>I 10 1*41 li»i la al vn 
I- I* ch ira- rarlfa l by ila lav’batral pnrAini 
t'f IN . Ia*el. erraea- attain iu..j» f.^r .■ i«a. as 
nellu-r. in c«n4>ln*M"ii wlMi a. r n-mti.inl 
l-nawiaia das'athlr.i *m Mull, e-'lt-l, -a 1 ire 
i*lu« e>44ralvltlea. P-e la .rh-ar-.il . ..fti- 

• lent* ate daaiilucl In *»ie, cf r'all, ir.r-ur- 

] let able p.ira-etaia l> rv-tln-i Il.it tnw fluid re- 
*lur.aa :an be f.'rr»al«»s I ullhlr t« ImltH of 
diatrcj anl uiJratral ti«h|,lur. tlx* low j-'afC- 
obllicvstth thareva I c..t>lv:t Ivlty n.-. 4 1 colour. t 
yarataliv c^rall-ia) to (a Hail fjr r.-j'i«jr 
•riato etoraia ar.ilj aipaar 1 ' fa.tr ar. u' Jiair.- 

• I caapiiPie, at lain vltMr. efa lirljta) [fiat 
arJ erackv of a fta:tui*l it-.h nJI«. le.aral 
eaiBB ere rceaented that | rvvua a ■f-aslltatlvel/ 
ciriact danp.atriilon cf aha affe:t* or reitrr. 1 
in cull a-.via.'crani . Tlyraa tr.-luja fluid pra»- 
lira tncraaaas In ataass cf targaraEuiw-lr.l j:« I 
iRCiaaaas In ln-Jlt 1 aaraaa, Dlsatlo strain ir 1 
the ictf'.'.iii f<i irelastlr .ca:t fit] i,-»iinr. 
■rJ fo-iosl ij -| smeshiltcy iu|niUllon. II U* 
i>:ci ua dry, or cf e h»1S Ftmihllli,- surh 
tn»t (Kid flee trtos piece at e>n»t«nt Hull 

f rasa ala, al-Ulai 104k rdtarlal alieritlcn aia 
poaaltla. tbla fsllc.n fic.n the fa-t ir.it »r»n 
ua tinrerature lm aalaeJ to sc-a ntw vol. a. 
soy 6' it 1v !• iiauu J. an) that deer a nil o 
til *rcl«M nl'Ki tie final uiV-re ol s poll- 
nil ti 4 1 lira Uita-.e will gar.erallr te jritter 
thir. the. annul “ne. Han:a. tie a! fort ol 
U-jwni ns >■ It le.erBlble J.» to irs Clflaa- 
a*. tlal tMrail «i;r.ii5-, of vie r.-ioslia air- 
I eiak 11*1- » >-l the cB-etativi ot rci main 

bc. raljrlas. i»e ir. raise In ('roatty l.r.r.i 

, i.:r. « fe stir. | «;]s.--fa 1» ciUellble a ad e-,**- 

I-jII/ /elite] to lr;tesioa In rei-eil-l 1 1 ty. 

■ flali rifia.ia. react' 7, ataeii. uiiair, in- 
t list i: :ia:h crtT»J4Ca:r'i . 
liar iit.-.t. fit., Ri-er iallll 


Planetology 


HID HHipiini ol pltMli 
u«-h;pen«st aitfuuoM or jwrtg i 

[MOSfHMI 

» K. Chen (Ccntfh (or ladar Ulro«ay, Stanford 
Uilililllf. Stanford, U 4430S) 
liee- lac indent ClUull tloiii el the rertlcil 
diiiritwttan ef pro urn 1 a Jupltir't fon«i»tiro 
tkcv that tha occiMlatien ef preuot preducid 
(roe iBlar IsntfUg ridfitlen aairvhalat tha leu 
te ultra tlorally 11 c Had MlKular Hydreean imr 
at altratlonat taeptraturll ll high II ISM 1 *, 
fer vayager 1 nits, uni ail the H, »l bra I It ml 
tMparatjrr lg It High at W 1 I 1 M 1 or digrali 
tfl lm lajtlat da>>i Up of K. Ii fnf railed 0 / 
ordari ef Ufillili, d/naetcll (ftcinii ara 
aera Hkalp easfit of fka In ilaetron disillUt 
ilm In tha nfghiilda uppar lanofpMra. A 
calculation of Ui H, dantlty profit! ihcvtd 
ir»i |ha dlitrltutloA aeon tha lurOepiuti ll 
cinlrolled fcf dUfullon. 

J. Ca*|\ya. An., tin. Papar LAMIA 


4SI0 AteaaphariA el PlanaCa 
KUI » TMt IICEUIH I0MIPHIU Of YUtl'l 
L, b Inca (USi/dodiitd Ifaca Plight Caniar, 
Ubacilory far Planacaip Aiaoapbaraa, Craaobeit, 
W IiDfft) ■■ P. Ihala, H. c, ikyr, and S. Cuctla 
J. 0. Uh«M < tsatlt.it a of GaofViln aoi 
ilinaltrr npalii, niuaialiy of CilIKrili, bee 
As gala*. CA VMfll 

MaiauraetM s »( alar.gron danaltp and 
liopacaluaa bp lla Pienaar Vanut Oitliar Kliatree 
Taaparaluta PtuH h»«a Nan tafltjii to austaa 
the chart eta t In lea isl aaipiaUii «( (oniapMflc 
balsa In tha isl I tolar lonaapheic af Vanut. the 
heist ipparust Ij adah aa narth-iouth pain which 
yeast ral a the Isaeaphara sonlcilly Am to 
■ UUisdat 11 lev at 160 he. Nagaatlc field 
■HUI4MHI iSe that tha hilu *<« yt««*«i«d h 
•tiM| ladlai Melda vsnaa praiiuta ia aufflclaat 
ae h|!M4 tha ilaaet praaeura al «aw laiimnihi 
SooaagAa i», The ilaetron iMftitlura In tha 
aolat i* istiUHlitlf tariff than aha 
Istinoiltg InsSfKti, aitift l« the Iwtn 
danill* n|l«a ef iu helri vfcaie IN 
taafiralvn graatlp aieaci* tha tenuphara 
iHpamtaia, Tha inw trope lalutae rid lie 
dfulaia* of lha halaa art te-ulatanC alth eht 
•Itceg >a tlal etgMilt lit Hi sHih inhibit 
bsrlao'Csl eraaipori oF plane aid ghaml anargr 
I tee lha luciounJlog losgipMia. Maces 
daplallca procaaaaa attoclstad atth eagaetaball 
alactrlc (laid* »T ha tepailaet tf| the faraal lo* 
at lha hole a. 

J. Seopbpe. In., Blur, Papar U1IH 

BIAS Inlay I011 «f flaaega 

tuMic menus « tn imi unurtm. 

EsriMifD urn nfocgAnn ami ounn 

A. (umhw and g. Dnfak (Craupt da bthdai 
da Uodfaia IpiCiala, fcalastc, Fttaca) 

The aerp cloae canals t lee atufMd on Seoul 
butwcaa Eopegaaphp ul |rwhj ee a regtbeal 
■'ile (e clearly dial ad to lha loeaiallc tde- 
(aniiioa of- the [ifagriflilc load*. 06 « saved 1 


,;rwnv mmilln »v»i topographic (eaturee o( 
-..Icr.ne late ul ectrni, located (n the ayuelo- 
rill trgt * If>‘ til t»’ H liVilude and (* v W 
mi* K l.nailudcl nrc arcaufi.it laigrr chin thole 
■■■i-jnilrd will. * ro-lcl of Ural Isoalatic coopen- 
ciil.c l..f Any type). They ojy cetbor h* en- 
lil.ii nod h. a r .Jc I nf < orfcnsai Ion inrlnding 
■■I .hi I, l..r> i s wiMiin tlii llthoiphoio uMah cw.' 
iribute l>< lupporC lopograpMc load* ihriugli 
rlaniir mallei. Vo hive .ippli*<1 the Ikui-ry of 
iiil>'spi"rn I Inure 1 n «<fliln in uavalongit 
1 .vl In v:;.| i I n. In tin] obicrvoJ gravity anoo-ll Ul, 

1 I 1. ti.nl rlgltllf v X| a 1D ,B dyne m has 
i.i-tn r ailnj|C.I t.ir the Vrn.jn lllhoephcra in the 

1 .. 1 ling 1. 1.1 1 n a |„a.vinrf. This v.llnt la v. rv l. v 
■ ■'■p.irr.l (hr ..mnlr larrontrlitl lllhaaplaeic 
I r.inf any fr..n ' ? » lull dyne rn no.ir cldge 

. ,i*nl a I" 1 x It'** Jvaic to ni-ir iiiM>iill.in (n- 
e.%1, ti.<- ■■■rrotr-' n dl'>i ahlr>n<-as i.f the clasiit 
.,fp„i I,.rr ihlr ti* rilrinin ■•laicir Stialloa frr 

1. . 1ag Hr.'- J.ir.n ixil la 7.1 kn. II, is .slur auv 
„..| i„ ,r ( .f, srni.ll 1%.* ..f c»,< onlirr Vcnni I i thoi- 

F >ic.!|'li.e- »oa. Icil-. Papa' HD*® 


AS/0 Surface of anon 
INELASTIC HfUTNM SCATTW I Rl« 

IMTiailS CiF THE «K1N FgoH fltBIIAL CAKIU-IAT MU 
?.A. Dials {U.9. Ce-ilogfeal Survey, Flagilafr, 
Artaona} anf 4.1. Bielefeld 
A eat of regional Fe valu-is wire obtained for 
the rtion leca Che Inelaetlr era! car peak of the 
Apollo I h aryl tb orbital gi*n-r«y apart rs, 

Tieae ra(n,n*i> uluii were denial ned fr>e a 
faertlon tint dote not -lepand upon tlaiwl 
neolr.,ne ml mould t^arelora be a Celt ol 
tneroal neutron depresttan, V, roni latent 
offeree of chervil nu trot flue da prill Ion ere 
apparent. The aajurlty of the higher eiisrgy 
Pt(a,yl values <(• subsEistlataJ by the feln,n*i) 
rei'iitsi llfferahrec of eata than une slgu 
between F*ln,a*y) wiluea and re(n,Tl veluis ate 
attribute) 10 the Jlfllxultf In ilrlpptni thv 
carl eL lan In (u total (adluirtlvliy Fr.» the 
Ineleftl.* eraller Te band. The Fe(n,f) Jala set 
It, ttutlan, Cwtu t<i li lallsblu to 
ref lari lha srlual Fe eerlalla'i on Ibu lunar 

earl ire. 

i. ■lonphye. Baa., Kel, fopei IBI4J/ 

6S79 durftai ef placet* 

.mwiirriAL smuvwfT cr qboovbd tuuu in 
FOLTOOU CD OIMYMDC 

Kaitfiib P. Oolaebah (Lunar and PlenaUa 
(MllViM, )») VISA 14. 1, louskin, IllMi 
7T0SS), if. Lae miaen 
aroovai on aenyeedi have bash interpreted aa 
rreeturea that reaolt free aalenilonal taatealei 
vhUh, aeosepenled bp lease type ef resurfulB*, 
ohanged relatively Tov-alhsd», htarILp art Vend 
Itrrtlh to blgher-slBudo. lata erate red grooved 
terrain . The formatter or (room Intolvtd 
initial' maturing of a ri tired tarre In, 
resurraatng confined Mthln Uisae frsatures, and 
subsequent maturing of rtiurfaelng met iris I. 
CrosKMltlng and I are In* ting, «r etrualurel 
reletlonihtpa seanc groove 1, groota jets, uid 
orelere-l terrain Indlsate that grooved Uiroln 
developed In three Stigsa. The format Ion of 
prlsary graavsi eerka tha Initial breakup or 
entered terrain, Aeoandirr gratae giMnlly 
taralnete sgalnjt primary grooves and aoaplsta 
the oraakup of arete red tarnln Into polpgena 
that ere AtcnanlcaDp 1 aolat si free adjunct 
polygons. In the final a toga D), polygeoi or 
cratered iarraln are fraotured, reiur faded, end 
the rvsurfsalng aeterUl la lubiaouanUF 
fraotured by a sat Of aloiely spaced, parallel 
to a-jbparallat grooves that terminate against 
the older primary and/or secondary grooves. In 
ee?h of 1 kiss stags*, tha groove- forming prasaea 
re sirs In the jus sequins el fnalurLng, 
reurriolng. and Sips Squint frssturlng or 
resurfacing matmrUl , but meat of tha ares or 
grooit-i terrain is reeurfacad during atags 3. 

The process msy stop during iny or the three 
Stages yielding Irma* of fractured a retired 
terrain, polygons of Orel,, red terrain, polygons 
-Men hm«s been rei-arrioad hit not aubiaouanUy 
free tur<] Issootn terrain], or cs^Ialely 
(rMwed terrain. Regardleae of plane or tie* or 
doeelopmant, grooved tarre la appears la have 
availed according to the sue eequentlml Older 
of stages . Bmciuae Ui» ismlnaul nP grants 
•MB In osoh aUge created eesller ieoUted 
polygons Oil or larger sraas, this process has 
re rilled in the break-up of the surface or 
Ganymede into pirgresalvely saallar and non 
sqn\ 4 Inansi oral uobmnloal units. (Cmyaeds, 
grooves, tectenloa, fruturtng). 

Geoyhye. lee. Lett., Papar IU*») 

H'S Surface of Plsnets 

A 1CKDWTTC HCCSl. (M CMTH KOIPICATICR II 

GRAVITY 

B. J. Helosh I garth mrd apace Sc I mcaa Dept. 
ilClY Btony giOOk, l cony book, 8, Y. 117*11 
Mcdalm us popnsd to account for tbs fane- 
Elec of al«**r tar races, canusl peaks , peak rinqs 
and concentric ilr-qB In large Input ecjnietuee. 
Crater sliapliq and cwtisl peak formation la 
KUlhitid to the procsii ol scouiklo flulAfu- 
tiom, which acdowm a -eotoarn of tha tuytt 
nmeimdlBg the crater with a hloqtima plastic 
yfceclogp for a above time attar tha Impact, 
the gmraoetari of the llaghu plastic aodal are 
remarkably eonakant thsugbout tha solar syitmai 
th« Usgbss yield swan aangae (ram a 
ef ID kora oa Mercury to • sisUm at J tars on 
emiilte. The Biogbei vitcosLcy la beeweaa 

10 and 10 potsa at the wit of cent! el peak 
formation for mil bodies stalled, iltbutk It 
ippeors to (laa to 10 11 poise aa crater dia- 
aeter growl to a few hmdxad Uluecari. 

liyMUlc ior scarp- bounded] oonoant/ic rings 
ara due to a fundimantally dlffaient proceis. 

Ifcay term when cha emrgat planet's lithosphere 
fracture ■ under stresses tepoiad by the flow 
ot tha aatbeneephare toward the tranelsnt 
(fater cavity. Llthoafhata yield strengths of 
leas then a few hundred hire are Inpllsd by 
cfeasrved ring davelopuat on tha Moon sod 
Cel It mca. defect ermtara, slops aublllty, 
Mllril Milt, Wltlpls tiog beilnsl. 

*■ Oaophya. I«i. , Bed, Papar 11126* 

ISIS fur fare of PI small 
Mtfl IXSIHML «RU POUI CAPi EAktH-MStD 
IPICTBalCOtIC CQKKIBMATIOB OP lUTIl Id Ui 
HA^COMHTUDff Aio IVUItXI pot KYDUTtO 

R.H. Clark (Planaiavy Oaoeciimcas, Hawaii lair, 
of Ceaphyalaa, Italy, of Bawaii, !li) coerts goad, 
fcmolulii, II 4U{2) l.l. McCord 
* Mw adllactlaga apattna of tha marc lan notth 
polar cap la melyted and it ebma mats* its 
ibaorptloo features. This avidaacs conflna the 
lllult Of lha Vlklog IRTM wd Md KAHD Sxptrl- 
•mip which indicate Chat tha north rmalduil 
polar cap al Kata ie coepotad or vatar lea dortna 
lha aaattn olmvif Imatkhatn hinliphare iirlng 
l, • SO ). Tha apaocra piaatatad Hera thou that 
other maiariala ar* probsblr priamt a* will. 
Jhaa* othai maced ala may ta hydrated alnaiala 11 
ndlcacad by vmah tbaarptleea u tha spectra at 
l-T, 1.3 anl feaniblv l.l hi, hut tha allsilsli 
«*»*vl«n ■pactcaliy bland. (Itara, 
polar cap. lea, tnfrmrtd tiwcira), 

J. Caophpa. Ui., led. Piper ill loi 

(MO lest names sed tHlalfwa 
MDtONtois rmcMiM or m votaou cauju 
V i. 0 ? 1 ! 1 *" Wl ,,ws * blihrata lost I cots 

or iKhMlapy, Pea ad SOI, CA UIU) 0.11. 
tovTarmaa, T.V. Maw s. L.I, MiiWh 
T he Toys gar Imaging bps t leant provided high 
gmatltp data of Jwpllei Md tha Oallleam ui.l- 
IMe* with aka tv. flyby trajeatorlea la Ktcch 
shd July nf llJI, tadaiauLy accurate radlo- 
•acric MWuieMtti hoys bass mti us 1st tkaan 
data. This papar awalsataa tha rsdtnaittlc 
raeulta tal fucilMe (ha UIU||C nod inuad 
laomatrU oal ladlomirlt corracc Lom Pictets, 
ihm rad tome tile tmsetfclse cf Internally. 1 and 
WWta »kV*4m, Wl gia Strived *ma scaling 
fitters f s g each nf tha llllirs ara gmbmlaiad 
rar camatbg tha "calilrhttd" data fiem ihe 
Imagm Prpcaaalng LsboriHry it JTI. In sdil- 
tlM the kty cUcKtf Iiltti of hath Vayaur 1 
n* Tiftai* 1 Hams an tiMaisl, Uadb- • 
matvyi phmtam«ry| Toyagair Caaaraa), 

J. Osophyr, ll*., Sad, hpti.lMiilo 


6399 Plssscology. gsneral 

lO'S HOT PLASMA Tf'MS - A SYNOPYIC VIEW PROM 

i[IHKP 

B.R. Isndsl (Earth and Sysco Seleiicsi Institute, 
1623 E. AJo Way, Tlicson. Arlrona 63713) A.L. 

BroadC'Ht 

A study Ol the aoipholoiy »( to ■ hot yisana 
torus Sal sntoopaated hundrods of Voyager UVS 
aaosuraasoti of tons Intensity. The long- 
tarn avarsi* stats of the torus con bo charsetaf- 
laad by m axial aavratiy In cha brightness 
of tha proa Inane S1H ««5 A Taatura. minitaatad 
aa an anhsncsaani In bilghtnevn whoas p**k. la 

rixad nasi 1900 local rloa. Vo long-tars cor- 
relation ol brightness with wgnaLlc loagltuda 
la pyaa«nt. On d-a acslss of a law Jupltat 
rotations, tha torus eon differ markedly from 
Its avarsga axial aaywalry, its hiigbtnsms 
is corralitsd with ssgnatlc longitude lor abort 
tlma- 

J. Ciophyl, Sss., Blue, hyac 1A1A34 


Seismology 


6930 BalasLc sources 

BECZR UBCE EASTWJUAflS AL0H4 THE KIDDLE 
AMERICAN TR2NCH AMD THEIR IMPLICATIONS 
FOR THE SUIOUCTIQH PROCESS 
E. P. Oiaal, (Salaaologlcal UboratBry, 

California lutltuta of Tkchnolagy, Paaadana, 
Calllornli 91123) 0. I. Icsvart 
Saveril large shallow sarthquakaa (M § > 7,0) 
tamva oeco/tsd sioag tha Kiddle last lean Trsnch 
lines the Inatallatleo of tha WBSN oatwork. 
Included ara the 1963, 1966, *nd 1976 Oaxaca 
avanu, cha 1970 CHiapaa avant, tbs 1971 Colin* 
avsnt end tbs 1979 PatsClan avant, Thai* 

HTihquaku have Uea ttudlsd in u sllnpt to 
Identify slnllsrMIii sad diffstancas bs twain 
than that nay lead to a battar undarauadlng of 
Iractura and subduct I on pvocaaaaa, Tha avant* 
hava nlolc nonaata ranglog from 
1.0 x 10“ dyna-cm lor the 19b8 avant to 

I. 2 1 10*' dyna-cd (or tba 1978 avast. All 

avanta ara of predominant ly thrall type, 

cona! scant with auMuctlon to tha aorthaaat of 
tha Oacoa plata. Body vavaa for cha 1963, 1961, 
1976 and 1979 avanta along tha iranch ladle* to 
rachat staple faulting proeanaa. That* avanta 
all bad (acal dap Chi of 11 to. 20 la and acraia 
drop* on tha order ol 10 bars, lha 1170 and 1973 
avanta, tha onatarn- and waatarn-moat, 

raapacttvaly, of tha a nuts studied hare era 
loeatod doaa to trlpla Junes Una for tha 

Coooa-N, Aaorlca-Car Ihbiin plataa (1970) and tha 
Cocoa-M. Aaatloa-Rlvsra plataa (1973). Than tun 
avanta (astes lad matt cmaplax body wtvtt thorn tbs 
Oaxaca and Pst at lan quit as. Thia inurca 

eonplaaitp say hava boas ralatad to tha anr* 
complicated tact on lea our Lha 1970 and 1973 
■plcantara. Thla nay o((ar a caw pirapactlva to 
v I swing source mpLsiltf in ralstion to 

aubductlon tonaa. (Mailca, Middle Anarlcan 
Traoth, Oaxaca, Cocoa plata, aabductloa, 

complexity, trlpla Junctleaa). 

J. Coopbyii Has., Rad, Pipat 1BL98S 


6930 Smlanla Sourcoa 

THE EXCITATION OP LOKO PERIOD SEISMIC 

VhVEt Vt X SOURCE SPANNING X STRUCTURAL 

DISCONTINUITY 

J. H. Moodhousn (Dnpartsnnt of Gmoloqloal 
Bolancaa, Hoffman Laboratory, Hncvnrd 
Uni varsity, Cambrldaa, HA 02 136) 

Binpl* theoretical ranulta ate obtained 
for tno excitation of adilmlo wavsi fay an 
indigenous no Lamia nooroo in tha oaag 
that tha aouroo volume la Intaraactad by 
a ntx natural dUcontlaulty. In tha long 
wavmlnngth approximation tha aaiomlo ra- 
diation !■ idantiaal to that of a point 
source plaemd an onn aid* of the discon- 
tinuity or of a different point aourca 
placed on tha other nldm. The arrant 
tanaors of thnan two aqulvalnnt aourca a 
ara raLatad by n spncifio linear trmna- 
formation and ray dlffar appraoiably both 
In magnltuda and aaomatry. Either of 
khmna gouraan could be obtained by linear 
inversion of aminmla data but tha physi- 
cal lots rare tat ion lg more aamplioatad 
than In tha usual caaa. X aourca whiah 
Involved no volume chanqa would, for ax- 
ampla, yield an inotropic ooapanent if, 
during lnvarnlon, it ware aiausad to' lia 
on tha wrong ilda of tha discontinuity. 

The problem of data raining the true mo- 
ment tana or of tha aourca ia Indatncmi- 
nata unlnna further annumptlonn am made 
•boat Urn atrasa glut distribution) one 
way to roaoiva this in data ml nancy in to 
aonura proportionality between tha inta- 

3 mt*d a trail glut on osoh aide of the 
!■ continuity. 

Csmphya. Rat. Utt.. Papar 1U312 

6970 Structure of ch* crust and upper mint Is 
RZAISUIKOT OP A REPOSTED B-DELAY UNDER TR1NDADE 
H. C. Nsts( (Salanologlcal Labotacory, California 
loader* of Tschnology. Pusdses, California, 
91125, U.l.A.) T. ley, D. L. Andaracn end E. A. 
dial 

Wa pruast ■ corrsctlon to a papar by Okal and 
Andaraon (1973) about muUlpla ScS crauil-tlDS 
sHiaaJfaa. Wa hava raualyied dal* for ScS, 
sucfacs bounds to cho South Atlantic Ocaan. Pron 
thasn data aa 3 l 3,-3 tea Ideal ol 23. b sacanda was 
found by Okal and And ir ion (1973). This corra- 
■pondad to in Se6 2 auTfaia bounce point ondac 
Teindado Island and us* isfarcad to be du* to vary 
slow upper sutle aasociitod with cha Trlsdada hot 
spot. The uilysls vs ptsiant her# Invslldatas 
this coaeluiton. Tha nature of tha uppor sands 
undar Triudida is an o;sn isau*. (S-dalay, 

Trfndada, hot spot). 

Gsopb/a. ft*s. Lsti,, Papar LUU2 

2n”u ,M#,0W <Stnie,ure of “• ™t and upper 

ipawjafip™ « wt « 

of holagy A Baophyilci. 

smi: srer 1 

M* describe a method to «nt train the nlMlc 
° r 55* u P par SW-Mfti or young 
uiMfc In^nwatAllwnof ’ 

ilr5" ,e .r® £r#ct * 0n ? rerl *M provide II till Or no 
The' wSLhId"d^?r e: *s!I?i , *2 UM| ,h * ,,0 *«oM crust. 

Ir a^ the aisimption 

T8 l oc *iy Jpadlwt and ut1Hi« pe fl - 
r *W- tnv.1 tine and tlowl!, 

SHSSr 8 ?* J* St 

c«ly at Ik* lufloor of 2.SW*. Ray^ath”nd 

“*!** u» wpwieoit part of iha cnal 

lMMoo” t y " l * IM by T,f ‘“ Uon » the 
J. Gsophpa, la*. , Rod, Uft 111322 

"» 7, SEX IwTSLtf “ 

moucnoN ««**,« „ ;:a 'Z,™ 

U|lra' n Jb , ,i^ e ^ 

rsar er ASStt 

(true tars J " •(••‘dMa the 

«hs Ihueagl. ■ loo. ton. In 

■Climicity I, (b,„« Al. J ’ f 1 " 1 ,#l mlaro- 

(hraatlog Is u,, 1 *** by * Et loifkpUt* 

•I '(hi. (nisvpj;, , *** '"»■ Artward . 

• »• <1 qH i”7i"Vn' rtTaV P ‘^ l ‘ ol «*■ otahan- 

•nst, sogiiitlna rh.i !!?''! ** »*«» wsw- 
• *ksn«w dipchi U euvrsvlv' .irl^ 1 * t,r, «c* at 
. ■alow as W dopth,' thi' "WW. 


dips at 32* fra 45 to 100 m dopth, vtur* 1. 
exhibit 1 a kusa-Uka bend below the volcanic 
front. The lowsr plana bsgina at abo u i 43 
depth, Jdiora It la asparatad hoc rha upper p| a , c 
by soma 23 ka, and sppaars to convvrgu with ibe 
upper plane at about 120 ta depth. The Inferred 
geometry of thv piste interface suggests thsi (he 
double planed port ten of tha dipping adult w„ 
Is • product of elastic unbending of m, , ub _ 
ducted plata. A composite fault -plana solution 
for s-int 4 in cho uppor plane lndicaiea, hnie.rr 
chic down-dip tin. ion la currently prsient' 
rather than cha down-aip cosiprestlon tt,ir vnuli 
be expected fra unbending. U is proposed Ihn 
biciute of locking af tha plate inierFsce a { 
■ha I lower depths, slab pull is currently over- 
printing the snbsndlng stresses which ptadaslnite 
st tlmms when the plstas are unlochod. This 
model is consistent with previous interpretations 
that there is ■ high probability of s great 
asrthquske in tha dhumagin Islands aelraic gsp 
mlthia tha naxt decade or two. (Bubductlon 

daublt-plinsd seismic xones, compnalts focal 
mechanisms ). 

J. Qaophyi. Rob., Red, Papac 111543 


6970 Jtructut* af tha crust sod uppor nsntlt 
THE VELOCITY STRUCTURE Of THE PAMIR- HINDU KISH 
RECIOHl POSSIBLE EVIDENCE OP SUBDUCTED CRUST 
S.V. gooekar (Department of Earth 6 Planetary 
9c lances, Massachusetts Institute of Tschnology 
Cambridge, Hsssschusalta 02139 U.S.A.) 

Th* arrival ttoa* of coaprmaalonal (pi and 
ahau (8) wavs a from approxtmacalr 580 mlcto- 
earth4uakaa recorded by a toawocary array in tha 
Pamlr-Blndu Kush region In central Asia ar* uaad 
to daduaa mm- and thrie-dlmenslonal velnclcy 
a c rue turas of thla tog Ion. The raaulra lot oob- 
dlmanalOMl structure* Imply that cha Hoho (1 it 
70 t 9 kiloaatara depth. Also, chars la a 
velocity reversal near 160 kiloaatara depth, 
which (■ Inferred to bm cha beginning of the lew 
velocity sane. This raversol cone Inuea ro depths 
or apptoxiaatoly 210 ktlomacsre. Below 2)0 
kilometeri, velocities are soaauhac higher tbsn 
those af normal mint la at atnllar dapthm (9,1 
ta/ sac va. 8.6 ta/nee for P waves). Tha out- 
■ttodlog faatura of tha results for thrao- 
dfmanalonal velocity itructursa la a brood (MO 
hi lout ara), cantrolly located region with It te 
101 lewsr valoolLlst than thosa In tha aurtound- 
Icg regions. This low valority rsglon envslepet 
tha salomio ton* it dapthi batwasn 70 and 1)0 
kilamacan. 1h* region may actually extand 
beyond this* depths, but th* taaulta for ahellovar 
•06 dsaper akruetura lack sufficient resolution 
to dacida, Bavaral testa, using both hypothatl- 
cal and real data, wars performed co aarlmat* thi 
ral lability of tha ehraa-dlaonalenal aolutlnas. 

Tha raiulta of thoaa teat* suggsat that tha 
Inferred valocUloa are reasonably accurate tsp- 
rmaentetloni of the avarsga valocltlea in tbr 
blocks, although one must be cautious of ths 
affect* of averaging In Interpreting eh* solution. 
The low velocity ration 1* inferred co bs a osnl- 
foacarlon of aubitanctal quant It laa of lubducisd 
continental crust. Tharafora, whlla subduct lea 
haa occur rad i B tha Pamlr-Klndu Kush, the raeulta 
of tha thraa-dlmanaleaal Inver* lorn auggoat that 
contlnaocsl, tat hoc than only oceanic, Mtho- 
■phart has been subdue tod to dapthi of at lisle 
ISO kllomaeara. (Valoclty, Hindu kuahi. 

J. Ooophyi. Rss. , Rsd, Paper 1B1329 

646Q iurtacs 14 is 11 

MOMENT TENSOR INVEM10N OF L0NQ PERIOD RAYLEIGH 
WAVES ■ A HEW APPROACH 

B.A, Boms n owl cl (DtparemaHL of firch and Plinstsry 
Icisocca, M. I.T., Ctmfcrldgs. Hoes., 02139) 

A modification of ths momont (amor Inversion 
msthod (a presented, which significantly Imprevts 
dapth and aourca Mchanlim resolution from cpuplsx 
■pactr* of Raylmigh vs* as In rhs psrlod rsnga 30- 
90 sat. Tha procoduta coni 1st* of two atspai flrsr 
the spacers ara asparatad at each frequency into a 
depth sanslelva and ■ dapth insensitive coapenani. 
Ths latter coniiatl or biases and errors and la 
discarded. The foraar ia than used lions to Invstt 
for dapth and source machxutism. Each of the five 
resolvable compoasnts of ths nomine Cansor can hi 
■aonlrorad laparatsly aa a function of dapth. Tbs 
dapth il bast determined from tbs residuals curvss 
corraapondlog to tha dowioant ccupooonts, which 
dspend aa ths source mechanism. ItvaraL axsejlts 
or application ere given. It appsars that phase 
velocities determined using one larger avant With 
■ veil cooltrslnsd aachanlsa and dapth from body 
wsvai tin bo auccsisf tally uaad as path corraelloaa 
In a aourca toglcm around It, 300-1000 km in 
radius. For other events in tha region, depth ten 
now be constrained to within e 3 ta, and aourca 
mschaniam, to within * 3* (a atth of Cha thra* 
angles ■ strike, dip Tnd slip. On ths other hand, 
If only a rough titlmst* ef depth and seurcs 
racbanliw is usaded, raglonsliiad pliasm valocltiaa 
esa now ba uaad for path rorractionl. Plnally. 

It la shown that, (or certain depth ranges and 
carcala mechanisms, ths choirs or tha period* used 
In rha Invars Ions can bo crucial in avoiding 
blaata in dapth dataralnstion. ( Rayleigh wsvai. 
inversion, source parameters, dapth). 

J. Osaphys. Rss,, Red, Paper lBMSb 

Solar Physics, 
Astrophysics, 
and Astronomy 

7710 Corona 

toasmt EVIDENCE POE CORONAL AUV EM WAVER 
J. V. Bollwmg (Department of Physloa, Space 
Sclaoeo Canter, Unlvaralty of Now Hsmpehlra, 
Durham, HR 03B2A) H, g. gird, N. Volland, 

P. Ed sn ho far, c.T. Btalsrlad and R.L. Baidal 
The 2.29 OHa S-band carrier algnala of tha two 
Hallo* apuacraf t ara used to proba tha magnskla 
and density structure* of Cha aolar corona in* 
aids 0.05AU. In ehia paper vs analyse tha ob- 
sarrod fluctuations af tha alaetraa content and 
Faraday rotation. A simple aeatlselcoJ ray anal- 
yala la omp*oyad> Ha eoneludai 1. Th* ob- 
aarved Faraday rotation fluctuation* cannot b* 

■a Laly du* to electron dencity nuctuatloa* in 
th* corona units* tha eexonal mogBsCic (laid la 
ions 5 times stroagar chan au|g**t*d by curcnat 
aatlmatsa, 2. Tb* obaarvsd Faraday rotation 
flnttnstloas ara coniistink with th* hypothsi'* 
that tha son rsdlataa Alfvao wave* with auffl" 
minor snsrglea to hast and aecilnrsl* hl*h- 
apaed aolar wind itraams. 

J. Caophys, Res. , Blue, Papar 1A1402 


7710 Cofom 

HWHET0STAT1C ATHOSPHERtS IN A SPHERICAL 6E0NETRT 
AND THEIR APPLICATION TO THE SOLAR CORONA 
J. R. Hundhauian (Colorado School of Hinoi, Dipt' 
of Hath,, Soldtn, Colorado) A. J. Hundhausw, 

E. Q. Iwtlbel. , • 

Tha formal Imn for darlvlM "two diman*(OJi*i 
natoatatlc aqutlibria It oxunded to jphorieii »* 
ordlnataa ana apoliad to aagnatlc fields that 
functions of radius and polar angle. A family 
BnaTykle solutions It raadlly found. Th* basic pr® 
partlu of that# solutions are displayed for a di 
polo nagnatlc field at th* baso of th* ataw*ph era 
and for physical .paraaaters appropriate to tns 
solar coroni. Variation of tho eoneantratlon or 
platan it tho "momMc equator" Uluctritos ids 
distortion of o slapl* dlpola nagnatlc fjoid W 
tho itactrlc currents requlrtd to maintain fore* 
balance In th* prasanco of tho l^sod prasiur* 
gradient! In tha polar direction. The 
tto wgnatostatlc flald ilna* from lha slaipla O' - 
polo configuration daponds on the pararator 

' ' P- - P-is 


bhara P^ and A„, # "iro the aqualorial' and p0l» r ' 1 

Plawprassuru and 3. Is tha dlpol* f.lfW , .* r S #U ‘ 
at ths b»l of tha coPona, Roasonabl* choicaj ol 
. Oma physical quantities 'glva a value for tjn» P*. 
jotar of about 1/2, loplylng dovlatiofts In tha . 
T grao-scala corral oagnotle field go”* tr y ■ '■ 

ffioccomonly ug*d potential field tfa* «r* ; ' 

nagllgihlo. Thoig. davlatlons lead to field lin» - 
Ui»t arg eon nearly vertical at the ■ 

corona- and ta MOrt eagnatlc flii* on open field , . 

:11nai thin In Mtantla] field modal*. with, th* . 

»a^a wgnotlt boundary conditions. ' 

J.;pmagRya."Raa; r aU*. Pspmr IAUL9 • ; ; . 
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Mtchanlcal Behavior of Crustal 
Rocks (19BI| edited by N. L. Carter, M. 
Friedman, J. M. Logan, and D. W. Slerns. II- 
luslraied. 338 pages, cfoihbound. 532 00 
(GM2400) 

Dedicaiod to John Handin, this volume 
servos os an up-iodato reference book for 
all raseardiers concerned with the following 
topics: Eorlhquako mechanics; geothormal 
energy recovery, energy storogo end waste 
isolation; experimoniat rock mochaniefi end 
rock i Neology; geological, goophyaical. engf- 
neaiing, and mining rock mechanics. 


Ziproa. Hindu Kuah-HImalaya-Gao- 
dynamlc Evolution (1981), F. M. De- 
lany and H. K. Gupla, editors, illustrated. 
fokJouls, separate maps, 332 pages. 
$28.00 (G DO 300). Geodynamfos Series. 

Presents data on the Isotopic dating ot 
Himalayan rocks end discusses the geo- 
chemrslry of an undistributed ophtollte se- 
quence. Research Includes: Focal mecha- 


nism solutions and their tectonic Implica- 
tions for tho entire region; the problems ol 
seismicity and continental subductlon along 
the Chaman and subsidiary lauils; plus sur- 
face wave dispersion and attenuation stud- 
ies lor the entire region. A summary report 
from the Geological Survey of India on their 
work in the Indian Himalaya is included. 

Anetaitlclty In the Earth (1981), F. D. 

Stacoy, M. S. Paterson, A. Nicolas, edi- 
tors, illustrated, 128 pages, $15.00 

(GD0400). Goodynamica Series. 

Recent progress to tho study of slow de- 
formation by Ihe processes of mantle con- 
VBction and the correlation between high 
allenualion and low resistance to creep Is 
emphasized to tills volume. Preliminary ■ 
conclusions derived from laboratory obser- 
vations on attenuation Indicate the Impor- • 
leiice ot crystalline detects, especially dts- 
locaUons. Thus oryalal dlsfocalEona may be 
responsibly lor both Uib plasticity and ane- 
lasticiiy of the mfmlle. Currenl opinion la 
scrutinized and new observations are pre- 
sented In thls collection ol reports. 


Dry Valley Drilling Project (1981) 

L. D. McGinnis, editor, Illustrated, tables, 
4B0 pages, $30.00 (AR3300). 

Major emphasis In this volume Is on core 
analysis; however, regional geophysical 

am^uh?.hSl dOW, S O,0 00 °P h y staal togging 
amplify tha three dimensional view o( Ihe 

geologic setting that would be available 
o ? V analysis. These first rock 

drillings on the Antarctic continent are ex- 
remely Importanl In developing an Antare- 

vfifl 9 r?TTh C 1,10 pasl 10 mil| ton 

DVDP to™ "f 8 " 1 conclusions to 
DVDP form ihe basis for much future 
study. 

Geophysical Union 
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Washington. DC 20009 


• 20% discount 
lo AGU members 

•Orders under $50 
must be prepaid 
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7720 Elsa trraagaa tic radfitioa 
OBSnVATlmiAL UFDENCE UD HDD EL DATA E8 Wl „ 
EUV, TEDH KEUUBZXEm Oil *1-5 m “ Lu 

8.B. Hiararvggnr (Air Pores Gaophvslci 

iT c o?im’ K “" ehuB * t “ *• IS 

Information an solar In-idlaac* at 
halo*. US nm. by Lh. 1OTS 

tha AK-B 001*111 t* ov.r tha aptira tav.lmEg, 
or [ha praant aun.pol cyoli 21, i, ia—!?!" 
aaor lpve.tla.tloa. ol pl.n.i.ry chen».pb t ru 
and loaoaph.ru. St. led, 

aatJoo 1. ganarallp lacking i„ both U» coapluw 
napp and tha apactral datall required by thl 
advancad study prog raw. Thar, fora, tthu 1,7.7 
naeappary alio to dev* Lop conpntar aod.l. ™ 
nactlon with folly detailed enwpHacloca of „ ’ 
appnprlaca rararaoea epactrua. Out a.l.ctloa of 
appropriate loraa ol af (active publication baa 
baan difficult for varloua raaaona. ■inailii.. 
that ful l raproduc t Ion of our varloua llat. t .1 1 
obaarvatlanal, rofatanca, and nodal data 1. 
■clone trie Journals would ba lapractirabla w 
atartod a aoia or laaa lnforaal procadora at 
llaaly calsaae of IfiFpraatlon to a Koltad iq 
her of particularly Intorcalad collaaguaa. Vlib 
tho praaanc lattar, va hop. to altlgat. at leu, 
ansa of tho dloaat la factory aapacta of thU pro- 
cedure. (EUV, roCeraaco apcctrua, nod.].), 
flaophya. Rea. Latr., P.par 1111 >J 


772S P loraa (Neon Cougio.ltLon) 

NEON COMPOSITION IN SOLAS PLARES 
T-R.Vankata.aii, C.H.Nauilyal , and M.N.Rao 
(Physical la.eatch Laboratory ^UiMdabad 1SDLA). 

Baaed on tha atudy of Inplantad aolatTLart " 
particle. In tha lunar faldapara , tho long 
tom neoc cotvo.ldon or aolar flare, hu b*ui 
Infurred to be cloac to '.alar 1 rathar tbn 
'planetary'. Selective cheolcal etching lollo- 
ped by .tepulaa na.a spectranolrlc aa.ly.u 
Indicated ab.pnca of any ‘planetary’ coaponaot 
in Ihoor aarplee. The axp.rlia.nl raveal.d that 
(hr Implanted aolar flare neon had a high Ke-20/ 
W-.V value 1*12.0) which la quite diet lace 
fr.iai tho value for anlar flaroe aa deleralnad 
hv apncettnlt nwaeuramanta aa voll a* fron that 
('r l ho ‘planetary 1 neon l-3.fi). Baaidaefthi 
clrnmtal nbundnntoa of noble gaaoa aa lslamd 
(r»m lunar ninorala ml apacecrafc Miiurianii 
Is eh.iwn in ba in ngroenant wj rh aolar abunden- 
(r« md nor with Ihr ‘plnnotary* abundancee. 
Ia.il.ir Ilnro nron , tuu.ir tail, noble pea, 
pl.iiuM.irv I'nnpnel 
■-■•plWa. Kra. L.li.. l'i|vi II I (U7 


7770 Sunapou 

DEVELOPING FORECASTING CHARTS FOR SUNSPOT A IMS IRS 
S. 0. Kapoor iDapartnant of Mechanical and 
Industrial Engineering, Univer.lty of 111 iron. 
Urbane, IL 611011 and S. H. hu. 

A new itatlatlcal nodallng approach li ui.d to 
fit aodeli to 200 yaara of un.pot dau and the 
adequate nadali for yearly, ninthly ind dally 
lunspot ninbara are employed to obtain the lUnlna 
■can iquared error forevasti. The analysis ef nn 
aodela revealed a long term ?o-/aar period, j 
ihorc term ;l-parlod and a 2.1-riar paried due 
to ltratoapheric winds in addition to a toroili 
Anown 11-year periodicity of chi sunapeia. The 
foracoetlng charts are drve loped In a fomol mu 
can ba easily real to obtain the long lam i,.jri. 
average) and short tera (dally avorjgei prrJiciloni 
of sunspot nuaberi. 

J. '.eophya. Rue., Bluu, Pipar U1A2I 


Tectonophysics 


8110 Heal flow 

THERMAL AND TLCTONIC IXPL ICAllfiNL OF HtA7 FVW I» 
THE FASTUN SHAICH RIVER PLAIN, I DAH' 1 
C. A. Brott, b. 0. Bla-Avell Un-pt. of Geological 
Sctencoa, Southern Methodist University, Pallia. 

TX 7527S).nnd J. P :i,,oa 
Data from 2AS holes In the eastern F«at* River 
Plain show high heat flow value* along the narglul 
and low boat (low values along ch. canlrr bauuM 
of a( facia o( tha extensive Snake Plain aqulfat. 
laaad on a charaal modal af the equlfar. a Baal 
budget waa derived from which a mean haal,fle» •»* 
tha saatarn Snake River Plain ot 190 dh" vaa 
calculated. This value can ha ceoparM ia ebaarr- 
id values along the margloa of 120 "Mu’' and tvo 
valuaa balow tha aquifer in deep holes along Iba 
nor t beta earn margin of 110 and 109 mUm**. Tba 
area of hlghaac axpactad valuaa, Cha lalaod Park 
caldera , hae not baoo aamplad by heat flew ■•*- 
■uraaancs, huvavar. A finite-width morlog-aoiJ»C»- 
plans Charaal nodal la developed for tht rational 
beat flow of tha Snaka River Plain. Even though 
Cha geological and geophysical characteristic! ot 
tha saacom and waatam parts of Cha Inaka River 
Plata am somewhat different, thay ara atcrlbuiad 
to cha aasa movtag heat aourea and ralacad Id 
dlffmronc atagaa In ■ ctme-relacod aaquanct of 
thnrmally-drlvm geological and cec tonic avaaca. 

Tha aaquenca or avanta la first a^ilacaoaot ef a 
Chick mafic Intrusive la tha mld-levala of lbs 
ctuae. Aaaoolacad with ehla thermal limit are r*- 
Rtoaal uplift of a ka or as as Cha halting necurii 
“Ittag of tha uppar crust, generation of * Iran* 
l tic bathollth, and rhyolitic vol cal on. Bapid 
Subsidence of to 1 ka imadlacaly follow* be- 
causa of tha change In denilty of Cha onit and 
upper untie 110(100 aeaoclatad with che e^Ue*- 
•ant of the basic Incrualva and tha diarapttan et 
tba granitic uppar crust. Aft#r tba heat aourt* 
movaa uatward, eontinuad anbaldauce occuca due to 
cooling of tht llchonphera .action (analogous to 
cooling oceanic Llthoaphara). Along with the •»” 
aldanca aod soon after the elllcle voleaaiae, ba- 
salts began to ba eatrudad. Tharaal cootraetuo 
atao genaratea faulting on tba eldea and pattwp* 

In tha cantnr of tha hot epot track. Tha auial- 
drnae aeuaaa ravaraal of tba dlpi of tha alll«l» 
ash flowa fron thalr Initial evay-fre«-the-eeuree 
configuration, to tha towetd-the-eouroe caeflguf*" 
ttan obeerved In thn Bnaka River Plain. C«t“?” 
subaldenoa and cooling oeusa tba formation of t»* 
basin which la than flllod by sadlBiati, 
additional subsidence due to laoitntle adjoetnan 
(tha Hoacom Snaka Alvar Basin) . Thus tha pby<* 
graphic and volcanologlo aapacta of the taake 
River Flaln-Yallowatons legion nrn coosequwoaa »« 
a atagla thermal event and all ategsa In tha fm- 
tura history of tha Yallovatona region aid tba 
peat history of tha Hasten Snaka River Baata ara 
represented by uascward or eastward traverses in - 
apac lively) along tha loake River Plain. P"* 1 . 
flow, hot epot, continental llthoaphara). 

J. Beophya, Pea., Rad, Paper 1612*3 

815<» Plate luctrnlc* M . 

CA1LSKS AND I5jNSKi(UKNi>:s HF TUB NHLATluN 
MKA AND ACK OP TIIK »ICK« KU«iH 
B. Pnrunua (Dapnrtaont >»f Earth and HUnataff 
Sciences, Hiaaachuaut r. Inniltiitu uf Technology, 
Caiahrldge, Mans. 02119) 

The distribution of area of the ocean fm®' 
with age, t, Is approalfistuly described by 

3F " - b > ' 

where C 0 la tha rata of cruatal genaratlnh and ta 
the aaxlaun age. A llnaar differential 
versus age relation can ba agplalnad by a b*m 
heewsen cruatal generation and consumption ■'** 
eoaauaptlon It uotfonly dlacrlbutad with *l i ‘ _ . 

Tha present dlstrlbilt loo of eonauapetm with age ■ 
usa.sstlHCsd fron tha Isochron map used to 
derive tha arae-aga relation and a recant] y . , 
published set of anguler velocity vector* ■ • 

deactlblng pyaaant pints not Iona. 1 The rat* •» .. 
cogaiaaptloo pgr unit aga shows coneldarabl* / .. 

■cattar about a maad value equal to Co/tm 8 
lO-OkpC/yr*), but conaumptlon ll Sfifflc 1 " 11 *' .• 
close to being ual fonoly dUtrl^ucad with - 
explain tha.ohsacvad degree. of approximation , 
linear Alffacoatlal ar.a-.ga relation. . The . I 
tranphaa appear <0 be dlatrlbutod randomly ” , 
retpoot to age provinces in the ocean .‘/I t . ■ 

oot poaalbla to dtacarn any trend of moan 
■abdqctlee Valoeltlaa with eg* «P*TT ,ra “ . 
Ml lor va loot, las observed for the two yooRF* 

*g* province* (ft-9 Ma)» . th* 

Chrfaghe la the rets. of plica gaoaretlo* *"• .• 

dtatrlbuMod of consumption with ag* **•«* ,0 


•4 >' 
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. i. tha acta-ag* distribution. In eum 
■‘"".blfti produce change* In the plats driving 
rt * M * , vbJe' «t to ra.cor* the rate or Plata 
.L. .od distribution of consumption to 
■"Initial atatea. Tha rldgo pushing force, 
,Ul ’ -Halt dacraaaaa aa che rata of cruatal 
l,r, ^rtan loci **■■•' Thla coup 11 eg bat warn 
fit? (area* lh * *»»-**• *Ut*lb«toft 

.2. « faadback machanllP limiting rhe extant 
T'rMnga- *«••"» oC tho magnitude of 
‘ i u lata* area-e*a dt.trlhuclon la given by . 

! charga. 1" »«« l * ” *•!£*“■ 

*!*.. | 0 ,aa lava! are laaa than 15R. aa 
^ud by racent astlmitan then nnly tm.ll 
(-121) in tba rate of pUte ganaratlon 
lu diatrlbutlon of conaumptlon with aga ara 
irad Sea 1***1 ebaoga* aa latga aa 300m 
UJIlra a boot a JO P«r ««t *“ tbm rate of 

, r *jt*I gaaaratlon. 

•ha iban traa-age relation can be caebload 
ilafl* expression, for depth and heat flow 
niM *H to obtain an aaplrtcal hypsometric 
•hit! bin ton, paranatetlaed In terms of aga, and 
uact aapraiilona for tha haat loaa from the 
ufia Hear. Tba lattar la estimated to ba 2.9 
JjtlJv, with 23 par cant of thla heat batng lost 
Uiu floor younger than 3 Ha. Ot the total 
tilt I'M froa tha aancla 26 per cent le 
Hllaatid l® b® transported by amall-acele 
(inaction. (Are a -aga, aaa-laval ehnogea, haat 
flew, driving foecaa). 
j. Caaphyi. Raa. , Rad. Papar 1B139A 


■130 Plata taotonlca 

THE JUAN BE FUCA RUWK-UOT SPOT — PROPAGATING NIPT 
U«UU TECTONIC, GC0 CHEMICAL, AND MAGNETIC 
WXA 

jjjj g, dalanay, H. Paul Johnson, aod Jill L. 
tititaa (Unlaaralty o( Washington, Daparcmaot ol 
CtHSSItipby Ul-10, laattla, HA 98I9J) 

DUarvay gaophyalca, deep cow caawra work, tad 
■nllalaary geochaolcal and magnetic studies, fron 
l 111. ttulaa to tba Juan da Puco Rldgo, allow the 
lilloelaf lata rpra Let lor a i llj che cent tel third 

(HMta AJ.J’N tad *6.3 > N) of thu tldge la <iaw 
inlNly spreading ftoo a aone which (■ lu to V> 
ta «l al che Bill blaactlng the Brunhee-Xatuyama 
■igHtlc ravataal boundary, (2) che nppsrsnt 
(.nlovi of aurflolal Ignaoua activity at tha 
ntiaiis tip of tha sctlva ‘Cobb Prupigntor 1 na* 
Win Idaatlfled by dradglng aod ciaara work; the 
ll; appear* curved, nr ufrast slightly, to tho 
MU, Joes not cuttaapood to che .i.,rth.rnmosi tip 
■I toe centrsl magnetic anomaly (Elvi-rw cl ml.. 
tt]t), md eptaadl ng his boon Inltlatud buncath 
i.llwil- farther north, and (l) Iron nn>l titanium 
It Iraih Alssaai Iras the nctW. vulcnnli snnu ■■- 
MMI i piugrvaalvu unrlchount nnrtltWHrd, lliuu 
,nvu«»l rsv.tual to e»ro ‘•i»Tmil‘ c.u.cva- 
irulwi In the vicinity thu (Vihh "if I vet. 

J. Saapkya. Raa., lad, fapar 1113M 


tJk) Ittucrnr. of tha Llcbeapbara 
hubiiuctis nunc velocitt structure or thr 
IBU mu HlBnP AID IHPLICATTORg FOR OOIAM1C 
menu xoru 

1. A. Ultra (llooda Roll Oceanographic 
lulintlsn, Wood a Sola, HA 023*3) 

n* Lav 1« Ulla Maailf of tha Bay of Ialaoda 
EqUslIta Coaplex providta a lower cruacel co 
mar autla croaa-asctloa of a oceanic fraetura 
■■-u ninant aod sdjaoaat oceanic llthoaphara. 

Its ttiuetszal end petrologic character of cha 
frieima ina raglem la dtaclocdy different 
Im tba compare rival j ■ Ijgila layered itrueeura 
il tba ran af cha ley ef tslanda Complex, la- 
nlu al datsllad field mapping, petrography, 
cl laboratory aalsm!c valoclty uiaumti 
Ini bate canblnod la order to racoon nice tha 
■Made atloclty atractuce of thla ellce of 
tunlr llthoaphara. Valocltta* and velocity 
uliatroplaa of each of tba major rock unite ta 
1M null are raetsred to thalr praobductlon 
imaattlm relative ta different etretlgraphlc 
jrnll In tho complex and proximity tm che 
Inclura ions complex. 

Uibough all oceule frectur. oonae pro- 
COlj Ufa unique urns tura L and patrologlc 
aohlirlftlca to deuil, from Lha perspective 
“JMpnaaat study It U suggested that, ta 
I**!!, aaloclc propartlea differing ream that 
H aaoU ocieolc Croat and upper mantle nay 
1 *Jf* tl *d within approximately 10km of the exr 
U « Incture aonae. la tha ex regtooe lower 
“*W1 »i w»U Bl u WBr rant la anisotropy le 
njmiad. lha Haho eight be expected to shallow, 


in crustal thinning, end Ilt- 
nlf lcene valoclty lnvaraloat may occur with dipth 

S?" " rS * c n 1,B “ fle U f« 1 °Mur within cL 
ulato mltramiflr*. In oeaanlc llthoaphara which 
hat passed or ta paa.lng thros|k a traaafon 
fault domain, onhanaid mantle anisotropy might 
10 Low * r “nut In thaia ra- 
glon 1 ahould be comprUed of highly tniratrovle 
utuuphic roil, which grade upward Into ter- 
pen tin 1 to ■ and highly fractured gabbroa, dia- 
kaiea, and basalts with rolatlnly low valoeltlaa. 

It la suggested that valneltlw as wall aa velo- 
city anisotropies produced by tbsaa typaa or 
■tructures might ba da car. load tn altu by aala- 
mlc rafracclon axparlmeota aod nay ba mad to mop 
ihe extent of datamation In tba oceanic llthn- 
aphera neat fraetura rooai. (OphtaUtas, rtocture 
tonal, amtamlc valoeltlaa) 

J. Osophya, Baa., Red, Paper 1R15B9 

*199 Ticcooophyilaa ■ mlacallinaoua 
snocnoAL fabric op rag falmoic oolcoda 

ALLOCHIKMI, AXILU ptAR (JDADBAR0L1, UXWDA, 

« » ocuittl S metart 

ILL. Millet (Department ot Oeology, Stanford 
Dal viral ty, Suaford, CallforaU 9*103, Dll) 

L.R, Kaocar, D.K. Larne, and R.J, TutTur, and 

I. Hotabey (O.R. Oeolc.la.i Burv.y, Haalo Park, 
California 94023, DtA)aod D.L. Joaaa 

The Qolcocda allookehan le Havadi eooalst* of 
■true curally eraplaa mid- to late Paleoselc 
baaiaal aedlmiotary and volcanic roaka deformed 
coder low tsaparacuc* end peifaca ceedftleoa and 
aoplectd onto tba Horth Aaarlcae ahalf in tha 
Permo-Tclaailc. Akna cha basal thrust In tht 
Antlat Peak aria, tha allochthn ecoalata (In 
ascending acruccural order) of lata Rarly to early 
late Permian thick baddad chart ("PomperaUkel 
iubuait l’)l Pan say Ivin lan and lerly Psnlaa 
chin baddad cbait, argllllu ami alltataos 
("Puepar nickel aobuatt 2")| Hliaiaalppiaa alll- 
clelaaelc curb Id La, ("Joey unit®) a ad usdatad 
chart and argillite or tha "Trenton unit." 

Open to tight folds In aubuolt 1 trend xorth- 
■outh and are iiit-vargeat , Felds In cblexer 
bedded subunit 1 very considerably la style, fold 
sxae la this unit era distributed within cha moon 
axial plane (oriental R-R, 60°tQ but exhibit a 
va at- nor thus at (reading data gap. Bondte till 
ensured In ansa at highly diirupcnd layering 
(iatarpretad aa anaaa of mavamant er aba ax) exhi- 
bit ttallar piccarni wichsut data gape. Thaia 
girdled dlatrlbatlona is part reflect rotaclem ef 
thaae atemanta upon greater strain toward* tha 
atat-waae tread log direction ol tectonic tcansport 
or cowirda parallel lam with tha K-oiia of tba 
acrala ellipaold. Aaaynacty of tolda Indleata 
nova coot via vast to aaat. Locally davalpp.d late 
stage fold* in subunit 2 ara aubhorlnontil , triad 
north-south, and ara compatible with fold-fault 
■alutlona that ladlcata taat-dlxaccad thruatiag. 
Itrlatloma maaaund within full aooaa yiald 
bidlrtctional aaat-wait slip llnai. 

(hir fold and (milt data Indleata that aail-uiat 
ahoTtaning ot thaae btainal aaltaanU via accom- 
pli a had by folding end eaat-diractad thrust 
faulting during a aingla pragma! va datamations! 
pvaat. Thu coaclualoa ia aupportad by tha 
praaanea of a major vaat-dippiog thrust (mill in 
tha map art, that place* Hisaiaaippian ovar 
farmlan roeka. Tha al loch than forwad at an aiil- 
targanl lubmaitna fold and chruit bait that waa 
aubaaquantly thrust on thi coatlnaatal ahalf. 
Autochtltonoua roeka hanaach tha Colcoeda thruat 
are virtually undafomad, auggaatlDi that molt ef 
tha at rue tura la tha allochtbon fermad prior to 
It* ulciaota anplacamant. (atructural aaalyala, 

Go l condo al loch chon). 

J. Guophya. Raa.. Krd, Paper 16I4J6 
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GRAVTTT- INDUCED STRESSES BEAR TOPOGRAPHY OF SMALL 
SLOPE 

David P. HcTlgua (Dapareoanc of Rorth and Ploua- 
rary Icloncam, Haetochuaaua Inatltuta of Tachaol- 
egy, Camhrldga, HA 02139) ChUag C. Hat (Daplrt- 
manc ot Civil Engineering) 

Topographic codlflcaclM of fro wily- Induced aooa- 
aurfaco atraaiii raiulta in algnlf leant daporturaa 
from a llthoataclt atari. A pacturbatlon nchaan 
provide a appro xl matt aoelytlcal solutloui for 
plan strain of an elastic helf-epace with aa 
Irragularly shaped free aerfaca of small charac- 
tarlatlc slop*, x, Tha laldlag ordar efface af 
tbs topography la aquivalant to that of a dla- 
crlbutad aortal load on a plena boundary , and tha 
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aur face laglaB. chaaa tvn affacta nntxlbuie IL 
tha nan or Jar to departure* froa lha 1 1 thu title 
a [ rasa fiald. Tha contribution of the ahsaring 
hoa haua naplocted In east previous ana lyssa. 

Hu proaint aipUclt as) ut Iona for aaveraL paillc- 
ular R0oratrla>: a avexatrie ildp.o or vallay, on 
adlartnL ildjf uni vallay, ahvli, .ml a nhirp- 
l [c*l.d I Id, ii ■ Silallo [bicucm InulU'ivI I. ),r 
3 vaif Incml. Ha.), rid E ®. «h« h.ir l r. r.i jl n.tPJl 
"lee’- I' e'>r^roJsi'.i 11 tho era«a and l-.-r,- i, 
nuaa lh|- h«« v nlh^ itnll,, with lopih. 7. Lir*u 
horiaontjJ tanalnn la Irdu-'ad in a v.iIRv 
Al grujtar depth, thus offer ta vanlah, an] ihn 
atraaoua apptmth lltnoatatic. 

SlollJt imlvila la nppllol tn a half-apaco 
und,r i far- field tectonic cncprsosloa nr cans ion. 
Il.a raault shove that tha Icjdlny ardor affset of 
topo.rsphy la equivalent to a dlitrlhulai ihaar 
traction on a plena nurfaei. Pagionsl hnrL- 
xantal cnnitlan can br alyniflcaptlv roJucod, 
or a v>n chj.wu to tons Ion, In ths nalahhorhaod ol 
a (opnpraphiu hlah. 

J. Graph) t. hi., Red, taper 1 60105 
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6 69) Vauaiiol' jy t.-pica 

THE ICT.IAIIO Pi LEAJ.CII DRIlLIrn PP-MlCT III rilA.’MI 
TO THE CEOliflY CT ICUJU.D 
l.B. PildloifiSMn mat I '.nil bivrjv A'i'iile,. 
Otensaovoiut 9, 106 Rnyklavik, ltolui.li 

Thn lava pile penotrned Dy tkt Jen lit. I i.s-jitl. 
Drilling Prelect USdpi noia f.-rr.-.i in an n.i-,1 
rift ton, that toxuincil i:uvo for at lti3i -no 
la« IJ M.y. 1T,a atrAitgiaphit aoquonco la tv iced 
ot aubaarlal volconlca, end tl is I (holy trial vsl- 
eanlao waa i.iMatlnl for levural and r .in tern A 
M.y. prior to tho fotution of tho I PIP an |oN.a. 

Tno volcanica in C-Uoland ate thulvlltlv In er;* 
position llko all Tortlary iigu’niat Ui>>.atlii'cl 
in lea land tn Jtto. JnJ lha lav, oaltusi-n tatoi 
In E-lcoland ait t*|>.tlad M l« ami I n to ir. >\a 
of Ivreia^ a«qv*n;ua Id anJ X-|<al*"l >uaj«:- 
llvaly, Tha IRDI' hula tig aitinl in a |,>h s-im 
oalundinj lira il>n Bi.-i-Mil'it tai.ti.il w|. mr.<> in 
the aoutn, ita IRL'P t.r-|a wjo it, i ar-|l--nil 

lhnrr.il anvtvil, wtm t <u illnr.t ab--u> F,r>.'/S9 

that vat lonr..l ly a d-nvn nf L" n >lni«,l |, , 
dum walla in fc - Uol-nvJ- Ajuttiou > I lu'c .nr 
ahiuunioirJ o' •>(... ut i'.m) n a-.y.i I. I. I - whirl, 'hr 
tdoinil yiadlrn' l.avr l tvn*|.l-i.t|.ly, TM n »■.]- 
gouts thu tno ,r |l,.nal Ihvinil.an- - »ly <a rtvarl 
by thn Mtw r f v.nw wi'rt ji ,c|«t|v.-ly .hill w 
dupthu. IPnaaatih 'I, I Iking, |.>..tn.,or ill. 

J. GeophtS. Rrs., Red, Pap<t I B-1-J ti» 
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GEOMETRY AMD PRY 1 1 CAL PROPEItlER OF THE BOCORIO, 

REV KK11C0, MAGMA BODIES 

Thou a Hi Inchar (Daparlaiat of GtolofLcal and 
Qacphjalcil Ilium, lilaeatoa Unlvarauy, 

F riot aloe, Raw Jar lay Otl**| now al tba Kauai l 
Inatituta of Gaopbyilea, Oalvarally of Hawaii, 

Roan lulu, Bawtli 96621) 

Aaalyala of xultiahaaul aalawlc trfltciioa 
profilaa falhtrad by ibt Caaiorl laat tat Coail- 
aratal laflactloa Prof il lag ICOCOIFl (onatralna 
tha laeoatty and malarial ptopattiaa ol a pio- 
poaad bb|bj body locacad within lha lio Grand* 
rl(l. A aaw apactral talio ailkof ia and to 
find tba raflacl tail lai of Ih* piopoivd otd- 
truatal latrualoa; lit|t and apallally wanabta 
rallaet Ivltlaa aupporl lha lotaipTftation of ihr 
raflaaioi aa a Inliuilva aulioo tuioa ecoplaa. 
Modal ln| af tba raflaetlvlly aonaala that in 
aaa location Iba latiualoa took tha form of 
antral thla (30 to *0 a thick) layara. 9oiaake 
wave manual Ion wllbla thr tlfl’a aid-eruil it 
low. (Xt|u eraplaa, rtltacltalty, auvoual l>n. 
COC01P1. 

J. CMphya. las. , Kthl, Paper 111267 
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Al (CRAFT SAHPLINO OF TME SUlFATt LAYER REAS THE 
reoPOPAvir roLiafiN6 the eruption or mow st. 

HELENS 

Erwin A. LlZbarg (Hillonil AaroniullCI and 
Spice A Aalnt strati an, lawti Rasearch Canter, 
Clavalind, Ohio) Oaui A. Ottonon, Hllllw X. 
Rabarts and Ltonldti C. PiNlhako* 

Twcnty-lhrit flltor uapl lay EUqhU of lha 
NASA Lowli r-106 a I reran, war* conductid In 
tha Grut lakci region batraan Jun* * and 
Oeceober 23, 1980, Eol lowing tha Mjgr aniptlon 
of Haunt St. Kilani (VitMngton State) an Hay IS. 
The I PC- 1* 76 Mltara ware expand over in altl- 
tude range apannlng the local tropopauia. A 
filter tuple ax pond atari tht tropopauia on 
Juno J Indicated ■ iiiifati level of SO llnai 
the battlina oaaiuraaenti, which il coni 1 stint 
with tha trajectory prediction! of tho leadlno 
edge of the cloud on Its tecond transit around 
the earth. Subtoquent aanurenanu oror a 
period of 7 oontha thowed the uiatonca of a 
layer of aulfite abore the tropopauia which 
decayed to ■ lorel of about * tfaos prnlouxly 
manor ad background lovaH by thi baginning of 
August. Concentration of nltrato abort tho 
tropopaoie oxhlblt conildtrabla variability 
and thowad km anhancraant cnoparad with pro- 
vlously Haiurad concantratioa levtla. 

J. Oaapbya. lu. , Oroan, Papar 1C1476 
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LITWUJGT AND STWJCTTJRE Of THE WLCASIC SOJDOtCE 
tH EASTERN ICELAND 

P. T. Robiniaa (Depsumant or Caotan. Dnlhoualn 
Untve rally. Ball fax, Nova Scotia. Canada) 

J. Hshagto, I. L. Gibson and li-U. fchmincka 
Tha Raydarf Jorduc drill bala psutracod 1919 ■ 
ot osetian with a Tawny of 99.7 patcomc. *A- 
aavlal lava flows coaptlsa 3* pareont oE ths eors, 
dikes 41 porcant, and elastic roeka abooe S par- 
ent. In addition, a 1.1 k»- thick s action of 
lava llowa aod elastic roeka upoaad abova tba 
drill ilea was oaasarad and aisled. 

lha lava flow* ara chlafly low-aagattl* baaaUa 
and farrabaialta with laiisr aaorata ol lealand- 
tes, basaltic and** It a, and oMvIm tholallta. 

Ia Cb* drill cor* complete flaw* rang* froa 1.2 
ta >9.7 ■ In vartlcal thlcknui nod avaraga 7.1 ■( 
fa Cha oxposad aaetlon flow lUcksaut* ring* 
from 1 to 30 a and average 3.2 a. Haat Of thi 
flaw ara chsractarlxtd by am uppar acorlatHU 
anna I-J nmtsrs chick, gradlag dowtamrd through a 
sons of fraetarad basalt Into a onaolva flow 
inter tar. Brat flow* also bin a chin batal broe- 
cl*. 01 Ivins tholatitss end asms loy-ma*n**l* 

M sails an wmranly not tied where** tarrobaaalco 
and Iceland It as bar* wall dsvalopod flow banding. 
Ibac of tha flow* ara line- » mndlwmlaad, 
ajbyrlc to iparaely phyrie, and modatataly vcst- 
Hlar. A law are moderttaly plagloelaao phyrie S • 
ochara hava acaicorod phoaocryaia of olloapyroxona 

""ova^wTirttuolva uatlo on racognliod. In tha 

• can aod ebay span appragtaitaly tha hm eaafO- 
■Ittanol raaia aa tha flow*, fhiy ara charsotar- 
tsod by having ataiply inalinod shilled contact*, 

• uniform maallva aapMt, and an abaaaco of YC*1- 
dti or bracoldcloa'. Haai •« loa* altatod than 
cha intruded lava flows aod contain stenadary 
■lna ralw only nloog opera* high saglo fioatwroa. 
May □( tho dlkas ara atao apbyrta tax “f . 

nutablo ptagloolana or olfwlna fhtsWiW- • 
Omumtass uatwtao rang* from EUa-graioad, ■ 
tat.rranel to ceorsa-grstatd. oyhltle. 

C Uatlo rails occur typically aa Uln, wavl- 
eolorad layara batwaaa tara flow, 
eaadtni 0.3 n to thiekoas*. Than* an chtafly 

flop- to caxrta gratasd, poorly to wmll-**ddad 
llthta luff* showing varying dapcai of xa woth- 
ira, Host ara alUctn to iuareadlita I* 
rnlttan, but baa aide ralta era oloo pniattE. Two 
. xtwolltlo a ah flo* «»**■ «ccnr ta tba anoRlon. 
of wUah ta 30 - thick. ' 

Hh tataipra* ths Uni to ba Rh* flamUol 
eorttata of broad tawtsglnd aamtnl 

on oiliolb "25 

. ■ m«h*v« niwptad from central waoto In* moat »»■ 
i lly rqnrsitnt flank aniptlon* from yltc snow 

ranrraSld by tha dl)a iwraF- »»* *»" . • . 

■ StaTI«« Probably lotiwdai laterally «»to tha 

• • ‘wattle* 1 fasdaE* ^ r0 " “*^s bodlalw 

, T£ln, lava, dlk*. lithology, attuttotm). 

' j. Gaophys- **■-> )W| u ^ a 
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THE VDlCMIC UPUJ3IV11V INDEX UE1 1 AN 
UTlKATE OP EXPLOSIVE MAGNITUDE FOP 

HI Lit II CAL VGLCAH1SH 

•hrlaxopnar 0. Nstdiall tU.S. CsiiitfLitl 

Survey, 301 E. McLouEhBin ll<l. , Suit* L, 

Vsnceurar, UA 96661) EisptisD Saif 
Itwlsdgt ol tha Isaqurncioa of hi|BI) 

■ ipltnvi, ■aaaralaly aaplaasvs ana 
non-aiploaxva eruptions would ba useful 
in a vsrtsty of ii>lcan.) siudlaa. 

Ilialoncs) xacocda as* gar.arady 
tncmplata, bewsvar. and contain u,r, 
ltttls quantitative data Iren wnlch 
asploslv* magniluda can ba astimatad. 

Daly th* lit gas I eruptions haws a 
cnplsta sacocd Pact lo lha early I9tn 
Canluiyi oifisr Inpossanl explosive a, cits 
wtni wnracordad prior lo about I960. 

Ally a hioddul of lha vsrr biggest 
eruption ere rapiaaantad in ana ganlagLc 
((card, an 11 will 6a impoiaiDla lo 
augjatat histurlcal (scalds poat fad] . A 
ccmposila aatioaia of ibt magniluda of 
peat •iploalva arupikan, tararJ IM 
Yalcsnic Erpiasivkiy Irdax IVE1). ta 
pr«p»ffd as a saml -quanttradva 
cnprtiisi baiwain poor data and aha naad 
in wanous diiciplinai la masluali lha 
it card ol pan vo leant so. Th* VE1 his 
Bfcn siaignad ia near SCCiO nissorlc a to 
pra-hkiianc sruplioni, sod a ciaptate 
list Is availabla in a ccnpanion doeuxunt. 
ivolcsnisa, valcsnic aiupliana, volcanist 
Mil climala, aiplnslvlipj 
J. Ceuphya. Rat., Grstn, Papar 10 167 
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THE NT. ROM tEGIMT: TOLCAXIC RMTWT. 

AfRUGrURE, AMD GEOTlAtJCAL DOAI POTENTIAL 
D. Hllliams (U.S. Osaloglcsl Burvay, fanvar, 

Cnlatsda 6022*1 D. gull (1ls(« Dsysrcmaat al 
Gtalogr and Klaaral Industrial, Pom land. Origan 
1721)11 g. kkarmann (9.1. G*a!o|l<al Survay, 

Danvar, Colorado 6(2229) K. Iium <ti((h irlastas 
Dapartmant, Part land Stilt Data, rally. Tart lead. 

Oregon 972071 

Tha adlraale htaiary af tha A. Hood rag Ian In 
tha last 13 m.y, shown S Slow migration of 6 so ■ 
largo volcanic ranter* from a paaltldn about 70 
ka wait of Nt. I«d to lha salt rtcaot volcamlr 
* aitar la tba asrlaa. Thla nigral (on va* 

•c tampan lad by th* davalapnaal of the ilrwtural 
•act Ini vLalbla In tha K> good rsglda toJoy. 

Ml. atanda oa a avail which tuna earth and 

■auth along tha Gaarada Manga. HI thin iMa rail I 
la a irabin. tha High Caicada* grxtaa, Which Id 
pasallal to tha ails of tha trail aid baa lha 
Rood Rlvac fault aa Ita aaatera boundary fault. 
Suporivpoaad on thla graban la th* M, Mood 
tubstdanca block, guhaldaaco if this block aid 
graban Is prnsuaably (slat ad ta withdrawal af 
magma from hanaach gha block amd afuylloa af this 
ratatlal on top ot tha block lo form Ik. good. 

Tha orarall atroctura la one of brood uplift aai 
narrow lubaldanea that ia at laaat 9 m.y. old aod 
preauaably mil acllwa. Cutting acraaa tha 
anttra K. Hood region ai>3 rant of tha PXrtttr 
Nirilmi la a sax of aarthvait-aouthaatt rlght- 
Uiaral nrllo-allp faulia. Ihsaa ara bbmui 

• rouTj Ml, Hoo.i, hut lha offaal on aay aingla 
fault la small ta lav malar* I and In aim* ret, a 
vartlcal. Than faults ara also young and 
Indleata aaat -mat aaianaloo and nocth-aoulh 
raoyraatlan. An older and probably Insert** sat 
of n't I has at -touihraai folds sod thruat fault ■ (a 
■vldan in (he raglon, part Iruliily lo the 
Mlncini fial.ivhli Uvar Basalt Croup. Thaan ray 
6* talilal lo a long h la lory of north -south 
compr*i«l>«i. The valcsnic hlatury and atrucuca 
an ptai'jaably a raault «f auhductlon of th* 1'oan 
da Rica plati taoaath tha north Marlcaa plats. 

Thla idBlu-tlon la obllqua. leading to a 
iubatamlal r-apnaant af r kgh t - lat ara 1 mol Ion 
which, In turn, lead! ia narth-aqath coopiBSaXin 
In th* Pacific Korthvatl . Crualal thinning 
asao.'lxctd with vaLanlaa has taiulud lo an 
alawaiad gaoiharmal gradltal around Nt . Ruud. 

Thi* high gradient makes li poaalbla ta lap ratal 
In auiii of l')°C wtlhln 1190 m of tha murfsca. 

II chaaa thermal vatsri cam ba produced la Urge 
volume i , eBay eight provide a auhataatlal amount 
if ac-ntmlcally -roapstlilva saatgy for space 
healing aid Induarrlal procaaaa*. In lha raglnn 
adjacent to lha Csiradst. A ilapla gaAtharmal 
raaource ralculatlon ahavs that a IGTO ka 1 area 
around Nt. Xuad could produce baasflclal hast 
which, II auppllsd by alatirlclcy, would raqulrw 
avwr lO-hO Kf (At M yurt. (Volcano, structure, 
lubaldtnc ■ , gaoiharms I snargy). 

I. GtA-hjrt . 7«., Pod, rarer 16IJSJ 
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'TRAfITY ADO THERHAL HQKLS FOR THE THI* PEAKS 
SILICIC VOLCAJIIC CENTER. SWTHHESTEM UTAH. 

Daniel l. Carrier and David S. Chapman ( D* part- 
con t of Geology and GeopliytlGi, Uol vanity of 
Utah, Sill Lakt City, UT 86112) 

Gravity, Heat flow, and lurfae* geology obser- 
vation* nave been uied at constraints for a thar- 
wl nodal of a lata Tgrttsry glllclc volcanic 
centtr at Twin Pooka, UUh. Silicic vol can It* 
began In the arts with tha cxfruilon of the 
Coyota Hills rhyollt* 2.74 c .1 m.y. 490, follow- 
ed by the Cudahy Mina abildlan, fall Ita, and 
volcaeoctastlci. and finally by a ccraplete IM- 
ucnct of *ms and flow* that las tad until 2.] I 
.1 m.y. ago. Basalt uouenc** ipan ihe tl«e 2.S 
to 0.9 m.y. Tt rraln corrected Bouguer grevl ly 
anaHltei al Twin Peaks art 1 ha pod by throe fai- 
lures of warylng characteristic dlMnilons: (1) » 
■ajor north-northeaU trending -30 ogal gravity 
trough roughly 40 tax wtdo caused by • thick 
querce of Ccnoiolc sediment* in the Black Rock 
Desert Valleys (2) 1 local rougMy circular -7 
■gal gravity low, H ta across, probably rmlated 
to on intrusive tody In tha baranl and (3} a 
sarlei of narrow positive anomalies up to *10 mgal 
produced by tho major Twin foakt volcanic domes. 

The (ntruilv* bodlei have toon mdalod as threa- 
dlMnslonal vartlcal cylinders) the total vol raa 
of.lntnulva water 111 is nitlMted lo to about 500 
ta 3 . Slnpta tha raw 1 aodeli, asxraing conductive 
heat tranifar and using geometrical constraints 
from the gravity results, prod let that a negli- 
gible thermal anokaly should exist 1 m.y. after 
kmplacraaiit of the intrusion. TAIi prediction 
It cogilitMt with an avaraga haat flow of M 
s4) w' 2 for tha ar*a, not significantly different 
froa oaslam Batin and tang* values olsgmhare. 
Nagnatic lonoavlty of (hit lyttso, 7.1 ta 2.3 

0. y. for silicic volcintraor 2.S to O.Ta.r. 
for basaltic volcanlso does not non to prolong 
the cooling of this system substantially bayond 
that predicted by conductive cooling. 

J. Saopkyt. Kia., lad, Papmt 1BUI7 
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xriiuuic win iwj and udicanuk at kxafla.ih min 
ICELAND: 1ADWI 4112 1 tWRSICW ' taXUi PlmASl LRt 

HEAR LUOtiRJUXL'g 

1. «« union, tl.smml -DWiast y Vtalagitil uatervs- 
tory tni (ijiiimai »if ktslngltal gaiarers al 
Calwmal* Mivrrasip, Paltaaoes, mv rnia liXMS 

I'm JuM ] 97a until lat# 1 940 iitn smllsim 
tram Ihe Ivrlthnjahur fuasinlsi was anniiorcA, 
wilhia (ha Krslla calfita 'of narlh iiclial wn*ra 
apismlkw wslcaiilsm i* onsnlsg. Wrvquafil 
l is pi tag *1 lb* faMMtag show* |h*c m easily 
ioemllliaale Ihnrl -term rsdan prat axiom vtcvi in 
th* o*ys prior to nSiliinca sl iw qaldara. 
Srsyile aa ntjaarvrd Inxieaae (n srirtoi* lamia Alp 
pracfSiag Oeflnrltwi. follraiig (Tie Mill of 
■ubliatmaa, howvvrY, lb* 'tiM . (mission nf the 
luma(«la« gvsawillr uerwasrs imf geaxhri a 
maximum (hr**, in ala Eaga 1st*!. The (adorn in 
tht Irajrnlts ia aaawmcd le ta xranaported I'.’S 
a«p4b ta. al*ma ■ ana nra cml ara kng ggaax Ihst 
■ lowly cacapm In* th* . garctataal, water, table. 
Ih* cause, pi' Ihr co-rpianllc i net's n* in t*1« 

' amlisima spprsrq aa br a rcapnral ria* nl ihr 
waiar tahle dciwam sy Tixaura clnsmcn tfialSlng , 

.. fn an Akrtrttinl.tfiiip'fl liar (.* fodam in she 
surfscr . Frasmlr*. . IvMbrr^il*, |l)c rinsing nt ■' 
1 ihr Iktiirn ifpiirt in .-Baa*, a innairNi 
inrrrane In Ihr wlrriij sl iratiipnit, making <hr 
snap* nf ikw twail'in hXlurOur and alpw, lha* la . 
pfriiclcO from t cnangr In Iha tilar law! ainna. 

Changvi In iglai imldafaa Sian cmsdl! with 
. flululllmi in lumarialir .owltvsky Hi pfWiuhl 
(ksif!k >n iw Intel of . grwkn(p)l ' watrr ghat 
. nccar Oaring prrinO* af wf 1 1 f l , . < i Madam maaiiWk, 

'. rotraikUh, 1 rifting,. nrlKqvikvs,- ^ luma !••<*■ i 

• flaiurX gc'nwih, prriiMina' nl lrtiiaic : ir|i,ll|l. ■ 
. J. Graphyxi KM-. Hid, Papar IRLS7J ' 
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